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INTRODUCTION 
The term mutation is usually employed by geneticists 
in a restricted sense to specify only gene changes in contrast 
to visible chromosomal changes. The goal of mutagenesis has been 
•to control the induced mutation processes and to produce at will 
mutants of value for crop improvement. It is considered as an 
alternative source to naturally occurring variability for plant 
improvement programmes and as an alternative to hybridization ana 
recombination in plant breeding. 
The plant breeder combines beneficial characters from 
different sources into one genotype. Mutation breeding on the 
other hand makes use of the possibility of altering genes by 
exposing seeds or other plant parts to mutagens. These artifici-
ally induced genetic events are like spontaneous ones and can be 
divided into gene mutations (involving only one gene) and chromo-
some aberrations (involving few or many genes). Generally the 
plant breeder is more interested in gene mutations (recessive) 
than in chromosomal aberrations which often cause reduced ferti-
lity, a serious draw back in seed propagated species (Srinivas-
achar and Mallick, 1969), 
With the identification of a wide range of physical 
and chemical mutagens the hope that specific mutations could be 
induced by altering the mutagens was raised and interest natur-
ally arose whether these agents exhibit any specificity in theii 
action. The physical mutagens have been used for many necades, 
whereas the use of chonicals is relatively recent after tre 
decisive results of Auerbach and Robson (1942) and Oehlkers 
(1943). 
Physical mutagens predominantly induce chromosome 
aberrations either through ionization of the target itself oi 
indirectly through mutagenic free radicals as a result of ioniz-
ation of background components (Natarajan and Swaminathan, 1964). 
Point mutations induced by radiations are largely through the 
indirect phenomenon. Thus the random action of physical mutagens 
has rendered little hope of acheiving mutational goal. With re,^ aro 
to radiomimetic chemicals, optimal dose levels predominantly cause 
specific alterations in the nucleotide sequences either through 
the process of transition or transversion resulting in gene or 
point mutations (Heslot et al•, 1959; Freeze, 1963; Manual of Mut. 
Breed., 1970). 
Chemical mutagens have shown evidence of more specific 
action than the physical mutagens whose action is at random. Many 
cases of mutagenic specificity have been found to be regional 
(with reference to the chromosomes) rather than genie. A number 
of chemicals seem to produce breaks in the heterochromatic idthei 
than euchromatic regions (Mc Leish, 1953). Similarly chemicals 
are said to have an effect on centromeric region (Moustschen-
Dahmen, 1958; Swaminathan ejt al.«, 1962). 
: 3 : 
In the beginning scientists were very hopeful that by 
the use of various physical and chemical mutagens it would oe 
possible to induce specific mutations at will. The expectation 
that mutagenic chemicals have a gene specific effect, however, 
seems unrealistic in view of present knowledge about the struc-
ture of DNA, in which only four bases form the "genetic alphabet". 
The best way to reflect present opinions on this matter is by 
quoting one of the leading mutation specialists, Auerbach, who 
recently said in her introduction to the 10th International 
Congress of Genetics held at . gerl^ J^-ey.... (l974y* 
one of the exciting aspects of modern mutation research is the 
breaking down of the divisions between the induction of mutations 
by ionizing and non-ionizing radiations and by various groups of 
chanical mutagens ". 
Although the interaction of these physical (X-rays, 
gamma rays, neutrons, ultraviolet rays etc.) and chemical (DE3, 
EMS, MMS, EI, caffeine etc.) mutagens with biological matter 
varies greatly, the final result is, unfortunately, rather 
similar in the sense that neither mutation frequency nor mutatior 
spectrum is basically different using any of the various mutagena 
treatments. However, the (slight) difference in the ratio betwe* a 
gene mutations and chromosome aberrations, as well as, the 
distinct gene mutation spectra, force the mutation breeder to 
consider carefully which mutagen(s) to apply and in what way. 
Therefore, to obtain desired mutations at maximal rates, the 
choice of the best mutagen applied at an optimal dose level ^s 
evidently a prime consideration. 
As there are ample possibilities of inauction of inju-
ries to the crop and the yield, a careful assessment of the situ-
ation is necessary before the radiations or chemicals are put to 
any practical use. Some of the factors to consider are ; 
1. Actual treatment rate, duration and concentration of ooses. 
2. The nature of crop concerned i.e. whether root, leaf, fruit 
or seed crop. 
3. The relative sensitivities of the plant species. 
4. The age, size and condition of the crop plants during treat-
ments. 
5. Climatic and environmental conditions, such as temperature, 
day length and season. Moreover, seed is a convenient phase 
in plant life to be used in treatment with physical and 
chemical mutagens. 
Polyploidy is also the best known and rapia method ci 
producing vigorous and well adapted genotype. For these reasons 
it is the large scale evolutionary process most suitable for the 
development as a technique in plant breeding. Increase in the 
size of plants associated with chromosome doubling may ado to the 
increased size of seeds resulting into a greater yield. The 
reports of polyploidy in umbelliferae are rather meagre. Hakansson 
(1932) was the first to report the presence of polyploids in the 
family. Sharma and Dutta (1957) induced tetraploidy in Coriandrum 
sativum by means of colchicine treatment of young seedlings. Later, 
more colchiploids were also obtained (Ann. Hep. of I.C.A.R., 19b7-
58). 
i 5 
The family umbelliferae includes 1300 species and has 
a world vide distribution particularly in the temperate ano sub-
tropical regions (Europe, North Africa, aiest Central and North 
Asia). It includes a good number of important taxa which are 
used as medicines, condiments and aromatics etc. Drude (1897) and 
Engler and Prantle (1898) divided this family into three sub-
families namely Hydrocotyloideae, Saniculoideae and Apioiaeae. 
Heywood (l97l) modified Drude's classification in the generic 
pattern, distribution degrees of endemism and taxonomy of the 
various groups and changed the tribe Ammineae to Apieae and sub-
tribe carinae into Apienae. 
The genus Ammi. a native of Egypt, belongs to the tribe 
Ammineae. It is well known for its horticultural and more parti-
cularly medicinal importance, used in the treatment of leukoderma, 
vitiligo, psoriasis and other dermal diseases. So far the work 
done on this plant is restricted to medicinal and chemical aspects, 
Moreover, the induction of polyploidy in umbelliferae as a whole 
is very limited and particularly A. ma.ius has not been tried yet. 
The present investigation deals with the mutagenic 
effect of gamma rays (physical mutagen) diethylsulfate, ethyl-
methane sulfonate, caffeine, thiourea and 2,4-dichlorophenoxy 
acetic acid (chemical mutagens) on the basis of their differential 
efficiency and effectiveness in inducing genie or chromosome 
mutations. Induction of polyploidy through colchicine was also 
tried to increase the size of the seed, which is the main source 
: 6 J 
of medicine. The obtained mutants and polyploids cire evalu-
ated on the parameters like geiatination, growth, morphology, 
cytology and yield as compsired to control. 
* 7 • 
MATERIAL AND METHODS 
The certified, healthy and dry seeds of Anmii ma.lus L. 
were used for all the experiments. For each treatment 200 seeds 
(five replicates each) were treated with different concentrations 
of chemical mutagens and irradiated with different doses of gamma 
rays. The concentrations of DES, EMS, caffeine and thiourea were 
0»25, 0*5, 1.0, 1.5, 2.0, 2.5, 3,0, 3.5 and A,Q% and those of 
2,4-D were 10, 20, 40, 60, 80, 100, 120, 140 and 160 ppm. The 
seeds were irradiated with 5, 10, 20, 30, 40, 50, 60, 80, 100, 
120, 140 and 160 IcR in gamma chamber having CX) source at 
National Botanical Research Institute, Lucknow. One set of seeds 
was soaked in distilled water as control. 
SEED GERMINATION 
Germination counts were recorded on 15, 20 and 30 days 
after sowing when seedlings had emerged above the soil surface. 
In case of delayed geimination the counts were made on 40 and 
even 46 days after sowing. The percentage germination is based 
on the number of seeds geminated and is calculated by the 
following formula. 
Geimination percentage = No, of seeds qerminated ^ ^QQ 
No. of seeds sown 
t 8 : 
SEEDLING SURVIVAL 
Seedling survival was calculated 30th day after sowing 
and values expressed as percentage over control. The aecreased 
survival values indicated lethality. Seedling survival was 
calculated by the following foimula. 
No. of^  seedlings survival 30th aay 
Seedling survival {%) = - - — after sowing ^ ^^^ 
Total no. of seeds germinated 
GRaVTH PERFORiViANCE 
The height of 30 randomly selected seedlinys of cont-
rol as well as of all the treatments were taken on 20 and 30 
days after sowing and when the mature plants had attained maxi-
mum height. The height was measured from the soil surface upto 
the tip of the oldest leaf to the nearest centimeter. The rate 
of the growth of seedlings was based on the height on 20th ana 
30th day aft^r sowing. 
Height Injiury : 
Height injury of seedlings was calculated on 30th a^ y 
after sowing and in mature plants it was calculated at the tim 
of flowering by the following foimula. 
: 9 : 
Height Injury = "^ ~ ^^ x 100 
HC 
where HG = height of control seedlings or mature plants, 
HR s height of treated seedlings or mature plants, 
MORPHOLOGICAL ABNORMALITIES 
The morphological mutations were selected on the basis 
of visible physical characters and deviations from the normal 
behaviour of the plants as compared to control in M. and M^ gene-
rations. The parameters of morphological mutations were size and 
shape of cotyledonary and vegetative leaves at seedlings stage, 
habit, branching, flowering and height of mature plants. Seedling 
abnormality is calculated as under. 
_, ,,. , i4+„ fo/S No» of abnonnal seedlings .^ n 
Seedling abnormality {^%) = ''^' , r :—r—T" x 100 
No» ®f seeds germinated 
The scoring in M. material was confined mostly to seedling sta^, 
because at this stage the morphological variations were easily 
scored, 
MUTATION FREQUENCY 
Following method was adapted to calculated mutation 
frequency. 
Mutation Frecjuency {%) - No, f J'^^ff Plants ^ ^^^ 
Total No, of M^ plants 
s 10 : 
MEIOTIC ABNORMALITIES 
Meiotic abnemalitles were scored on the basis of struc-
ture and behaviour of cells and chromosomes. Any deviation from 
normal cell was considered as an abnoimality like chlasmata fre-
quency, univalents, nultivalents, precocious separation, stickiness, 
laggards, bridges and fragments etc. 
POLLEN FERTILITY 
Pollen grains from mature anthers were stained in ^.0% 
acetocaimine. Stained and turgid pollen grains were counted as 
fertile. The shrunken, mis-shapen, empty, minute and unstained 
pollen grains were considered sterile. Decrease in fertility over 
control was put under induced pollen sterility. The mutagen 
sensitivities were compared with each other using a newly deviced 
index, 'relative pollen sterility* (Yamagata el al.», 1969), which 
was calculated by the following foimula. 
Relative pollen sterility = ^ " ^ x 100 
where c = percentage pollen sterility in control. 
r « percentage pollen sterility after treatment. 
PLANT FERTILITY 
Plant fertility was based ©n the output of healthy 
seeds per inflorescence. The average number of seeds produced by 
: 11 : 
control plants exhibited WQ% plant fertility (maximum). Data 
from the treated plants v»ere compared with control and expressed 
in percentage. Weight of per hundred seeds was also taken as a 
comparative account. Plant fertility was calculated by the follow-
ing formula. 
Plant fertility(^)= output of seeds per treated plant ^ ^ ^^ 
output of seeds per control plant 
PLANT STERILITY 
Induced sterility was calculated on the basis of the 
decrease in seed setting per inflorescence or per plant using 
the foimula given by Konzak et al. (1968). 
Plant sterility {%) = % = ^ x 100 
oC 
where Sc = seeds per inflorescence in control* 
Sr = seeds per inflorescence in treated plants. 
YIELD 
Yield was calculated from the total number of seeds per 
plant in control and treated plants. Increase or decrease in 
yield of treated plants over control was also calculated. 
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METHODS OF PREPARAyiptJ^ CHEMICAL MUTAGENS 
Chemical mutagens urere dissolved in distilled water 
according to the required concentrations. The solutions of 
diethyl sulfate, ethylaethane sulfonate, caffeine and thiourea 
were prepared in distilled water, 2,4>D was at first dissolved 
in Binimum quantity of absolute alcohol and then diluted to 
required concentrations. 
METHODS OF TREATMENTS 
The seeds (200 se«ds in 5 replicates) were soaked in 
each concentration of DES, EMS> caffeine, thiourea and 2,4-D for 
24 hours. The solutions of the same concentrations were replaced 
after first 12 hours. The treated seeds were washed with water 
and sown in earthen pots having well manured soil. The pots were 
watered and weeded regularly. After 45-50 days the seedlings were 
transplanted in well prepared beds, 
BUD FIXATION 
Young flower buds were fixed between 8,00-11.30 a.m. in 
Carnoy*s solution (6 parts absolute alcoholsS parts chloroforms 1 
part acetic acid glacial) for 4G-45 minutes. Buds were then 
transferred to propionic acid (saturated with ferric acetate) for 
24 hours and then stored in 10% alcohol. Anthers were squashed 
in 0«5% propionocarmine, dehydrated in Isl NBA series (normal 
butyl alcohols acetic acid glacial) and mounted in Canada balsam. 
: 13 : 
Photomicrographs were taken from temporary as well as permanent 
slides. 
EXPERIMENTAL DESIGN IN M^ AND Mg GENERATIONS 
Randomised block design was adapted in M. and lii^ gene-
rations with five replicates. Each treatment and control in M^ 
comprised of 50 randomly selected plants, 
MACRO MUTATIONS 
Morphological and other visible mutations in each 
treatment were scored as macromutations in M. and M^ generations 
on the basis of s 
1. Percent of M^ plant progenies (segregating^ and 
2. Percent of M^ mutated plants* 
Much stress was given on morphological mutations. 
MICRO MUTATIONS 
The quantitative characters measured in M. and M^ gene-
rations were t 
1. Number of days required for germination after sowing. 
2. Number of days for flowering. 
3. Number of days for seed setting. 
4. Number of days for seed setting and ripening. 
: 14 : 
5. Number of days required between (a) completion of germination 
and flowering (b) flowering and seed setting (c) seed setting 
and ripening (d) over all life span of the plants in different 
treatments. 
STATISTICAL ANALYSIS 
The observations recorded on different characters 
relating to each of the different treatments have been subjected 
to statistical analysis with a view to find the individual and 
comparative effect of different mutagens. In other words an effort 
has been made to find whether the expression of characters, as 
shown by its mean value estimated from the entire population of M. 
and constituted by the Mg plants, has been affected by the diffe-
rent mutagenic treatments. 
MEAN. STANDARD DEVIATION AND COEFFICIENT OF VARIATION 
Mean t It is a measure of central tendency of distribution and 
defined as the sum of all individual observations divided by the 
number of observations. 
Standard Deviations (SD.g" ) t It is positive square root of the 
average of sum of squares of deviations of all observations from 
their means. It is calculated by computer based on the formula. 
: 15 : 
SD( tf- ) J-J £ D 
V n 
or 
where X = individual reading. 
X~B: mean of all the readings, 
n = number of replicates. 
Coefficient of Variations (CV) t It measures the relative 
magnitude of variation present in observations relative to the 
magnitude of their arithmatic mean. It is defined as the * rate 
of standard deviation to arithmetic mean expressed as a percent-
age. 
CV = r^2- X 100 
Mean 
I t i s concluded that smaller the CV, more consis tent or l e s s 
variable i s the data and vice^versa. 
TEST OF SIGNIFICANCE 
It determines hew fax their mean values are different 
from one another. Any observed difference between means is 
tested for significance by dividing it by the standard error of 
the experiment which gives the value of H*. For more than two 
sets of variables it was calculated by computer using the 
standard prograswe ©f L*S*D» Jlhile for the test of significance 
: 16 
between two sets of variables with known mean and standard devi-
ations the 't' is calculated by the foimula : 
X - Y 
t = ± L J i l l , fa ! n, "2 
where X = mean of one set of variables. 
mm 
Y = mean of another set of variables. 
^s and ^^ = standard deviations of X and Y respectively. 
n^  and n^ = means of X and Y respectively. 
J 17 : 
REVIEW OF LITERATURE 
Plant breeders are well aware of the need for large and 
diverse source of geim plasm to meet the demand on current and 
future plant breeding programmes. So far these needs have been 
largely met with from the reservoir of the natural gene pools. 
Natural variation is simply the product of spontaneous mutations 
moulded by recombination and natural selection. Any mutation 
that has occurred previously or never occurred spontaneously or 
has been lost from the natural population can be induced. 
The direct use of mutations is a very valuable supple-
mentary approach to plant breeding, particularly when it is 
desired to improve one or two easily identifiable characters in 
an otherwise well adapted variety. The main advantages are that 
the basic genotype of the variety is usually only slightly 
altered (as compared with hybridization), while the improved 
character is added and that the time required to breed the 
improved variety can be shorter than in hybridization. 
The concept of mutation was first suggested and 
advanced by De Vries (1901, 1904) who proposed the use of radi-
ation for the induction of mutation. Gager (1908) also applied 
x-irradiation to induce mutations in vegetative ceils. Nilson-
Ehle (1914) in a study of acclimatization of plant species also 
suggested the possibility of inducing mutations. It was Muller's 
(1927) discovery of induced mutability which opened a new field 
in plant breeding, making new variation for major and minor genes 
: 18 : 
available to selection. He (1927) for the first time induced 
mutations with appropriate methods of detecting and increasing 
the mutation rates with X-rays in Drosophila. Shortly after this 
historical event Stadler (192B) reported that it was possible to 
obtain very high mutation rates through these agencies. Alten-
berg (192B) showed that the frequency of transC!locations was 
increased by radiations. Goodspeed (1929) induced mutations in 
Datura stramonium and Nicotiana,. 
Delaunay (1932, 1934) and Sapehin (1930, 1934) also 
suggested the use of induced mutations in plant breeding with the 
help of X-rays, The radiation genetics rapidly developed into a 
fertile branch of biology with the invention of gene and Treffer 
theory (Timofeeff-Ressovsky et al., 1935). Later, fast screening 
methods were developed to induce resistance to mildew and certain 
blight diseases of cereal crops. Such techniques are also becom-
ing more and more successful with regard to oil, protein and 
amino acid properties (See FAO/IAEA, Panel, R6stanga, 1968). 
The importance of mutations in evolution was stressed 
by Baur (1924) and Stubbe and Mfettstein (1941). However, the 
only evidence given by Scossiroli (1954) and Buzzato-Traverso 
(1955) on the possibility of increasing the rate of evolution 
towards better adaptability to special environment in populations 
and by Gregory (1955) on the possibility of improving the 
response in peanuts to artificial selection for quantitative 
traits, opened the new field of the use of radiations in the 
plant breeding. 
: 19 ; 
Mutagen specificities brilliantly analysed in micro-
organisms and viruses by Benzer and Freese (1958) and Freese 
(1961) also occur in crop plants. Productive mutations are 
involved in some of these specificities. Chromosome reconstruc-
tion and substitution, elegantly demonstrated by Sears (1956), is 
now a valuable tool in planned plant genetics and breeding 
(Gustafsson, 1969). 
Roer (1961) produced potato mutants with gamma irradi-
ation but the mutant was inferior to control plants. Jain and 
Basak (1965) induced univalent formation and concluded it to be 
through cryptic structural changes. Khamankar (1974) induced 
maximum variability by gamma rays, followed by hydroxylamine, 
ethylmethane sulfonate and hydrazine. According to him (1974) 
for a number of gene loci or groups of gene loci, gamma rays have 
been most effective. Similarly Matsuo and Onozawa (1961) found 
that neutron irradiation gave largest variance while diepoxy-
butane the lowest. Decreased pollen fertility and yield (Singh 
and Chowdhary, 1972), increased expression of cell mutation 
(Askerov et al^ ., 198l) and increased yields (iqbal and Aziz, 
1981) were reported by the use of gamma irradiation* 
Another milestone in the history of induced mutations 
is the discovery of chemical mutagens during the second world 
war. According to Gustafsson (1969) chemical mutagenesis was 
tried by Schiemann (1912) on Aspergillus niqer with some 
encouraging results. Sacharov (l932), later confirmed by Stubbe 
(1940) in Neurospora. used iodine as a successful mutagenic agent 
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in Drosophila. Stubbe (1937, 1938) suHunarized previous data on 
cheaical mutagenesis. Though the claims of successful induction 
of mutations with chemicals were made longback, but decisive 
results were obtained by Auerbach and Robson (1942) and Oehlkers 
(1943), Auerbach and Robson (1942) induced "gene mutations" in 
Drosophila using mustard gas, vriiereas Oehlkers (1943) concentra-
ted en the induction of chromosomal translocations in Oenothera 
by urethane. Later, Rapoport (1948) studied the effect of the 
compounds of the epoxide and epimine types. Some workers used 
mutagenic treatments in combination with hybridization to 
increase the variability (See Krull and Frey, 1961). 
Abrams and Frey (1964) in oats, Gaul and Aastveit 
(1966) in wheat and Brock (1970) in Arabidopsis thaliana reported 
that ethyl methane sulfonate was more effective in inducing 
variations than radiations. On the other hand Mikaelsen (1968) 
concluded that gamma rays were more effective on barley chromo-
somes as compared to DES and EMS. Bozzini and Mugnozza (1970) 
estimated that for chlorophyll mutations in wheat thermal neutron 
was most effective followed by EMS, fast neutrons. X-rays and DES 
and for morphological mutations fast neutrons were most effective 
followed by thermal neutrons, EMS, DES and X-rays. 
Desai and Bhatia (1975) reported that methylating 
agents are more toxic than ethylating agents, which show a high 
mutagenic efficiency. Naumann et ^gl. (1976) claimed that EMS 
mutates active genes with a higher frequency than inactive genes 
in E_, coli. In addition, repetitive or heterochromatic DNA 
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regions were thought to be hot spots for effect of certain chemi-
cals. They claimed that different mutation spectra were obtained 
with different chemicals as compared with X-rays. Fast neutrons 
and gamma rays induced less pubescent, less fertile and dissected 
leaf mutant (Margaret et al., 1967). On the other hand Narahari 
(1979) obtained superior mutant in rice except yield and adapta-
tion. In another case Chandra and Tiwari (1978) obtained mutant 
with decreased gemination, pollen fertility and abnormal leaves 
in Phaseolus atireus. 
As far chromosomal abnormalities are concerned Nawar 
et_ al.» (1971) found much higher frequency in gamma rays and 
Tarar and Dnyansagar (1980) In gamma rays and EMS. According to 
Nicoloff and Gecheff (1976) chromosomal abnormalities are due 
probably to their specific locations. However, alkylating 
compounds as compared to ionizing radiations were inferior in 
inducing visible mutations (Mac Key, 1954; 1962a,b; 1967, 1968; 
Swaminathan et al.., 1962). 
According to Rapoport (1973), Amirov (1974), Dryagina 
(1974), Dryagina and Limberger (1974), Kolesnikova and Maksimova 
(1974), Kolontaev (1974a,b,c) and Kopan (1974) "chemical mutagens 
have a higher efficiency and output of mutations (in trees and 
shrubs) if the duration of treatment and the concentrations are 
well adjusted" (See IAEA Rep. 1973, p.9l). 
Moreover, based on the knowledge gained through studies 
on bacteria and phage on the molecular basis of induced mutagene-
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sis, attempts were made in higher organisms to achieve directed 
mutagenesis through following few methods. 
t. Use of mutagens of varied specificities (Shkvarnokov e_t al., 
1965a,b; Nilam, 1967; Hirono and Smith, 1969 and Jain £t al., 
1969). 
2. Pre- and post-treatment modifications for enhancing the muta-
tion frequency and altering the spectrum of mutations (Kamra 
et aJL., 1960a,b; Bender and Gaul, 1966; Ahnstrom, 1968; Nilan 
and Konzak, 1966; Mikaelsen £t al., 1968; Narayanan and 
Konzak, 1969). 
3. Synchronization of mutagen treatment with synthetic phase of 
ONA replication (Savin et, al«, 1968; Swaminathan and Sharma, 
1968; Mikaelsen, 1968). 
4. Manipulation of protein coat of chromosomes (Khalatkar et_ al., 
1971; Khalatkar and Bhatia, 1971). 
5» Mutagenic treatment of haploids at uni or multicellular 
levels with the developnaent of anther culture technique 
(Nitsch and Nitsch, 1969; Nitsch, 1970; Devreux and Saccado, 
1970; Corduan, 1974; Shamina and Karanova, 1974; Sung et al.. 
1974; Aung and Fossard, 1974), 
6. Transformation and transgeno^is techniques using free cell 
culture and phage vectors respectively (Ledoux and Huart, 
1968, 1969, 1970; Hess, 1970; Ledoux et al., 1974,. 
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DIETHYL SULFATE (PES) 
Rapoport (1947) studied the mutagenic effect of DES in 
Drosophila and postulated that ethylation is a mutation inducing 
process. Thereafter DES was largely used as a plant mutagen. The 
frequency of mutations with DES was higher than ganuna rays in 
Drosophila (Alderson and Peleconos, 1964), Aspergillus nidulans 
(Alderson and Klark, 1966), Escherichia coli (Brock, 1969), blue 
green alga (Gupta and Kumar, 1970), 
In plants chlorophyll mutations with DES were first 
reported in barley (Heslot and Ferrarey, 1958). Chromosomal 
aberrations by DES treatments were obtained by Heiner ejt al, 
(1960), Konzak et al. (1961), Heiner (1963) and Mikaelsen (1967) 
in barley; Heiner (1964), Amer and All (197^) in Vicia faba; 
Sree Ramulu (l97la,b) in Sorghum. Edward and Hifilliams (1966) and 
Chowdhary et al.. (1971) in wheat; Bose and Saha (1970) and Bose 
and Maiti (1971) in tomato. Heiner et al,. (i960) estimated the 
mutagenic potency of DES and concluded that mutations and chromo-
some aberrations are not necessarily positively correlated, since 
in barley high rates of mutations were detected with little or no 
evidence of chrc»nosome aberrations. 
In geaeral, alkylating agents primarily induce chroma-
tid type aberrations (Revel, 1953; Ockey, 1960; Kihlman, 1961; 
Evans and Scott, 1964; Heiner, 1971). Heiner (l97l) observed 
that diethyl sulfate induced chromosomal abnormalities were in 
very low frequencies. However, according to Evans (1962) 
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alkylating agents do not Induce aberrations in G2 cells, since 
there was a delay in the appearance of chromosome abnoimalities. 
Buiatti and Ronchi (1963) suggested the possibility that the 
delayed appearance of abnormalities may not be due to a low 
sensitivity of G^ cells, but to a mutagen induced mitotic delay. 
Different types of mutations induced by DES have also 
been observed in peas (Blixt et al•, 1958), peanuts (Ashri and 
Goldin, 1965), rice (Yamagata, 1966; Sato, 1966; Bose and 
Chowdhary, 1968; Gopal Ayengar et al.., 1969; Reddy and Reddy, 
1970), maize (Ghandrasekhar and Reddy, 1971), Avena striqosa 
(Dyck, 1964), Sorghum (Desai, 1968; Sree Ramulu, 1970b,c; Singh 
and Drolsom, 1976), wheat (Edwards and itilliams, 1966; Chowdhary 
_et al., 1971; Singh and Drolsom, 1973) and barley (Yamaguchi, 
1975). It also affects germination and seedling height in rice 
(Narahari, 1969), maize (Chandrasekhar and Reddy, 1971) and 
Sorghum (Sree Ramulu, 1970a). 
Besides, DES has also been tried in combination with 
other physical and chanical mutagens by several workers 
(Moutschen, 1960; Konzak et al., 1961; Merz et ^ -. , 1961; Nilan 
et al., 1962; Favret, 1963; Kaliace, 1965; Aastveit, 1968; Doll 
and Sandfaer, 1969; Bose and Maiti, 1972; Mohan Rao, 1972; 
Mehandjiev, 1969; Bozzini and Mugnozza, 1970) to induce morpho-
logical, chromosomal and chlorophyll mutations. In combination 
with EMS (Heiner et aJL., 1960; Raraanna and Natarajan, 1965; Sree 
Ramulu, 1973) and sodium azide (Konzak et al^ . , 1975), DES induced 
a high rate of mutations than chromosomal aberrations. Even higher 
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genetic activity was observed when DES and DMS in gas phase were 
applied in seed treatment (Kiril, 1980). However, Konzak ejt ai, . 
(1965) concluded that treatment with low concentrations for 
longer period at lower temperatures yielded higher mutation fre-
quencies as compared to high concentrations, 
ETHYLMETHANE SULFONATE (EMS) 
Ethylmethane sulfonate is one of the most potent chemi-
cal mutagen (Heslot et al., 1959), As compared with neutron, 
gamma rays and X-rays, EMS has not only a very strong mutagenic 
action, but it also causes much sterility (Wellensiek, 1965), It 
is reported to be more effective than radiations in wheat (Gaul 
and Aastveit, 1966) and Arabidopsis thaliana (Brock, 1970). 
Abrams and Frey (1964) found it to be effective in inducing 
variations in oats, whereas linear dose effect relationship for 
seedling height, M^ fertility and seedling mutations were 
observed by Soriano (1967) in rice. 
It increased the phenotypic variance of all the charac-
ters studied as compared to control except that of yield and 
plant height (Srinivasachar and Mallick, 1969). Mutations like 
dichotomous branching in maize (Chandra, 1970), leguleless mutant 
of viriieat (Singh and Drolsom, 1973), leaf mutant in Phaseolus munqo 
(Rao and Jana, 1976) and Pisua sativum (Narsinghani and Kumar, 
1976) and early dwarf mutant conditions in Glycine max (Lee and 
Halloran,(l977) were also obtained by EMS treatments. Lee and 
Halloran (1975) observed different mutation frequencies. Accord-
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ing to Lee and Halloran (1977) the frequency of mutations in 
barley increased under different treatment conditions, and that 
changes in mutation frequencies were due to alteration in the 
acute dose of mutagen* 
Ethylmethane sulfonate has also been found to induce 
different spectra of chlorophyll mutations than that produced by 
ionizing radiations (Ehrenberg e^ al•, 1961; Heslot and Ferrarey, 
1961; Swaminathan et al., 1962). Few of them are chlorophyll 
mutations (Swaminathan et al,,, 1962)» chlorophyll and visible 
mutations (Swaminathan, 1966; Kawai, 1969; Prasad, 1972), 
chlorophyll deficient mutants (Edward and llilliams, 1966) and 
albina type (Satyanarayana and Subhash, 1981). In addition, 
Narsinghani and Kumar (1978) induced various types of chlorophyll 
mutations and high sterility in P. sativum by EMS and A4MS treat-
ments* 
According to Bianchi (l965) EMS turned out to be highly 
efficient when administered to seed, much less when applied to 
pollen. Hellensiek (1965) reported that pea seeds gave most 
promising results to EMS than gamma rays, but EMS reduced germi-
nation percentage and fertility, Khadr (1970) while comparing 
EMS and gamma rays suggested that EMS mainly produces mutation of 
genes and/or minute chromosomal aberrations whereas the genetic 
variations produced by gamma irradiation were accompanied by the 
loss and/or gain of large segments of the chromosomes. Arias and 
Frey (1973) in oats and EigeS and Blinnikova (1973) in wheat found 
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increased variance of treated peculation over control with et-^ yl-
methane sulfonate and ethyleneimine respectively. On the othpr 
hand ethyleneimine was most effective than EviS on Pterotheca 
falconeri in inducing aberrations (Mehra and Mann, 1974). simil-
arly gamma rays v^fere found to be more effective in plant growth 
and chromosomal studies,(RekhaatUllah and Gostimskii, 1976j and 
X-rays induced relatively more "Strand breaks" than EJvio(Roorneef, 
1982). 
CAFFEINE 
Most of the population of the world is exposed to 
caffeine to a greater or lesser extent since it occurs in a 
number of plants used in the preparation of drinks ana has in 
addition a limited therapeutic use. The ability of caffeine to 
potentiate the lethal mutagenic and chromosome breaking effect-? 
has attracted particular attention during the recent years. 
The mutagenic effect of caffeine was detected oy 
Fries and Kihlman (1948) on Qphiostoma multiannulatum. According 
to Kihlman (1952, 1961) and'Kihlraan and Odmark (1965) it affects 
mainly during mitosis and t^e G2 period of interphase. The chromo-
some breaking effect of caffeine was demonstrated in plants by 
Kihlman and Levan (1949). Later, Kihlman (1961, 1966) reported 
that sub-chromatid and chromatid exchanyes types of aberrations 
predominate. According to Ostertag (1966) caffeine-induced 
breakage is realised only during DNA synthesis (at metaohaspK 
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Loprieno and Schu^ pbach (1971) showed that caffeine 
inhibits meiotic recombinations and UV or chemically induced muta-
tions in the yeast. Further, Loprieno et ai.. (1973) investigated 
that caffeine reduces the frequency of single cross-overs and 
strongly decreases the probalPility of second cross-over near 
centromere. According to Kihlman (1973) caffeine increases the 
chromosomal aberrations induced by a variety of mono- and poly-
functional alkylating agents in Vicia faba. Further investiga-fe 
tions on higher organisms reveal the mutagenic and modifying 
action of caffeine (Kihlman et al• , 1974a,b). Kihlman et. al. 
(1974) demonstrated that caffeine inhibits post replication 
repair of DMA damage, potentiates chromosome damage and reproduc-
tive death. 
Chromosome damage induced by alkylating agents is 
strongly potentiated by caffeine in several systems. On the other 
hand by ionizing radiation it is far less pronounced and observed 
only in small cell systems (Swietlinska and Zuk, 1974). The 
caffeine post-treatment considerably potentiated the EMS induced 
M^ germination and seedling height reduction but had no influence 
on M^ sterility or percentage of Mg chlorophyll mutations 
(Gichner and Veleminsky, 1974), If applied after gamma irradi-
ation, it strongly decreased the frequency of chromosomal aberra-
tions and its effect was the most intensive when caffeine appli-
cation immediately followed the irradiation (Dimitrov, 1981), 
Moreover, Veleminsky et al, (1975) concluded that caffeine 
enhanced the biological damage by acting in the S phase and 
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inhibiting the repair of DMA damage in the newly synthesized 
DNA strands, 
2.4~DICHLOROPHENOXY ACETIC ACID 
An estimated 400 synthetic chemicals have been used in 
agriculture since 1930*8 to control weeds» insects, rodents and 
pathogens. Until recently, the «ost widely used herbicides were 
2,4-D and 2,4,5-T (2,4,5-.Trichiorophenoxyacetic acid). Although 
2,4,5-T is permitted for a limited use, 2,4-D continues to be 
used on a large scale (Korte and Jalal, 1982). Plant auxin 
analogue 2,4-D is hormonic herbicide, that at lower doses acts as 
growth regulator (Ashton and Crafts, 1973) much like the plant 
auxins. At higher doses, however, it induces potent herbicidal 
effects. 
Among the earliest studies are those of Unrau (1953, 
1954) and Denward (See Ehrenberg, 1977) on 2,4-D on cereals, 
Derscheid et al,. (1952) observed morphological abnormalities, 
which were however not transmitted to succeeding generations in 
barley. The studies of Unrau (1953, 1954) revealed the induction 
of heritable changes by 2,4->D in barley and wheat. 
Morphological and other mutations like enhanced average 
number of flowers and fruits per plant in Solanum melonqena L, 
(Krishna Murthi and Subramanian, 1954), reduced nodulation and 
root growth in Lotus corniculatus (Garcia and Jordan, 1969), 
promoting effect of lower concentrations and retardation at higher 
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concentrations on seed geimination and growth of Parthenium 
hvsterocarpus (Dagar et al.., 1977), inhibited hypocotyle and 
radical elongation (Raza and Sai Prakash, 1978) and increased 
volume of field nectar secreted by cotton plants (Joseph et ad., 
1980) were obtained by 2,4-D treatments. 
The preliminary reports have shown that 2,4-D caused 
meiotic disturbances in cereal plants (Unrau and Corns, 1950), 
morphological variation and somatic and meiotic chromosomal 
aberrations in barley (Huu and Grant, 1966, 1967), chromosomal 
aberrations in Vicia faba (Amer and Ali, 1974), chromosome 
stickiness and endopolyploidy (Grant, 1973), lagging chromosomes 
and fragments in mitotic cells (Tonkins and Grant, 1976). In 
addition, c(»aplete male sterility in Solanum melonqena without 
causing female sterility (Krishna Murthi and Subramanlan, 1954), 
radimentary non-functional androecium and normal gynoecium (male 
sterile) in Solanum khasianum (Haleeaa and Thimmaraju, 1982) were 
also obtained* 
Chromosomal aberrations and sterility as obtained by 
the treatment of 2,4-D and 2,4,5-T in wheat by Mackey (1959, 1967 
and 1968) were later confirmed by Nahla and Soliman (1982). In 
addition, a chlorophyll mutant has also been obtained in barley 
(Mohandas and Grant, 1972). 
Moreover, the inhibitory and herbicidal effect induced 
as a result of toxicity of 2,4-D is further supported by the 
observation of Fiskejo ^  al. (1981), who concluded that phenoxy 
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acetic acids like 2,4-D and 2,4,5-T are more toxic than the 
chlorophenols. 
POLYPLOIDY 
Much of the earlier work on the umbelliferous plants 
was mainly concerned with classification, morphology and embryo-
logy, Hakansson (1932) was the first to report the presence of 
natural polyploids in the family. According to Cauwet (1970) 
natural polyploids in the family are a very small fraction as 
compared to the number of taxa in the family. Of the known poly-
ploids a few have been established to be autoploids (Bell, 1954; 
Reese, 1969). Sharma and Datta (1957) were the first to induce 
tetraploidy in Coriandrum sativum by means of colchicine treat-
ment on young seedlings. Polyploidy in Foeniculum vulqare and 
Carum copticum were also obtained by colchicine treatment (Ann, 
Report of I.C.A,R. 1957-1958). Raghuvanshi and Joshi (1964, 
1965, 1966) also induced polyploidy in Coriandrum sativum. 
Triqonella foenum-qraceum. Foeniculum vulqare and a number of 
umbellifers. This was followed by Reddy (1968), who produced 
large number of chimeras and also some whole tetraploids in 
Coriandrum sativum and Trachyspermum ammi. Tetraploids of 
Coriandrum sativum (Shaima and Datta, 1957; Reddy, 1968) were 
reported to be superior to diploids. 
Attempts were also made by Bhattacharya (1956) to 
raise polyploids in Triqonella pelvcerata. Sinha and Sinha 
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(1978) induced tetraploidy in Pimpinella monoica Daiz. but the 
plants could not be maintained due to the complete sterility of 
the Cj generation. 
Gigantism in vegetative characters as a result of 
colchicine treatment was observed in fennel and ajowan (Hore, 
1971). It was also noted that although colchicine treatment 
resulted in an increase in pollen sterility, most of the treated 
plants gave high seed setting. On the other hand, seedling treat-
ment with colchicine by other authors (Bhattacharya, 1974; Joshi 
and Raghuvanshi, 1965; Sharma and Datta, 1957) has shown that it 
tends to increase plant size, but has a deleterious effect on 
seed productiom. Hore (1978) observed that colchicine and X-rays 
in combination gave more lethal mutants, while N-ethyl urea and 
allyl-isothiocyanate used singly produced some beneficial mutants, 
although the latter increased pollen sterility in almost all the 
species. 
The use of autopolyploids as crop plants, particularly 
if artificially produced, is often seriously limited by a reduc-
tion in fertility caused by multivalent formation during meiosis. 
Induced chromosome mutations can enhance structural differentia-
tion and thereby promote the formation of bivalents, Gaul (1963) 
has suggested that to accomplish this, it would be best to 
irradiate and cross alternatively for several generations in 
order to collect a maximum amount of structural and genetical 
divergence. Several cases have been reported where haploids were 
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obtained by crossing with irradiated pollen. During colchicine 
treatment a true breeding Sorghum dwarf mutant (Franzke and Ross, 
1957) and a male sterile Trigonal la foenu»)/braceum which behaved 
like a mutant (Raghuvanshi and Singh, 1974) were obtained. 
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^Aorphological Description of Ammi ma jus L. 
Habit : Annual herb, erect, branched, 90-120 cm tall. 
Root : Fusiform. 
Stem : Terete, striate, glabrous, rather subglabrous, 
fistular. 
Leaves : Pinnately divided, segments ovate - lanceo-
late, serrulate, 2.5-6.5 x 1.5-3.0 cm size, 
the upper ones bipinnatisect, segments 
linear; petiole upto 2.5 cm long; leaf 
sheaths white margined. 
Inflorescence : Compound umbel, white, terminal and/or leaf 
opposed, many rayed, rays 5-20, upto 5 cm 
long, slender; umbellules 10-35 flowered; 
involucre many leaved, 1.5-2.5 cm long, 
bracteoles acute. 
Calyx 
Petals 
Stamens 
5, Teeth obsolete or minute, adnate to ovary. 
5, free, rounded often trilobed with inflexed 
apex, the exterior lobe frequently larger. 
5, free, alternating with petals; filamencs 
inflexed in bud conditions; anthers 
bithecous, dorsifixed, dehiscence through 
apical pore. 
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Carpels : Bicarpellery syncarpous ovary inferior, 
2-celled, 1-ovule in each cell, pendulous; 
styles 2, swollen at base (stylopodium). 
Fruits : A crCTiocarp laterally compressed, ovate-
oblong with 5 filiform equal ribs, each 
having 2-vittae alternated with single vitta 
in depression, carpophore free, 2-partite. 
Seeds : Terete - convex, flat on faces. 
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OBSERVATIONS 
The effect of Mutagens on seed germination, seediing 
grovrth, morphological characters, meiotic chromosomes and fre-
quency of other mutations in M^ and M^ generations were studied. 
Selected mutants of M^ w«xt further maintained and studied in M^ 
generation. For the identification of mutations the plants 
raised from treated seeds were compared with the control 
(untreated) plants throughout their development and the plants 
which showed apparent variations were scored as mutants. To 
assess the comparative effect of different mutagenic agents, the 
frefl(uency of morphological mutations and meiotic chromosomal 
abnormalities were analysed statistically. 
M. GENERATION 
SEED GERMINATION 
Germination counts were made on 15, 20 and 30 days 
after sowing in control as well as treated seeds. In delayed 
germination the counts on 40 and 46 days were also made. 
In control the germination started 12th day after sow-
ing and was \e% (highest) on 15th day as compared to treated 
seeds. It decreased with the increasing concentrations of diffe-
rent mutagens. The germination on 15th day was 6-35^  in 5i-20 k.R 
gamma rays, 8-^% in 0«25-4,00SI^  DES, 5-151^  in 0*25-1.5JI^  EMS, 7-35^  
in 0»25-0»5^ caffeine, 8-13^  in ©•25«.2.5JI^  thiourea and 5-15^  in 
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1(X-80 pFwa 2,4-D (Tables-l-feK The germination was highest in DES 
and thiourea followed by caffeine, gamma rays, EMS and 2,4-D. 
There was no geimination on 15th day in 30-60 kR gamma rays, 
2.i-2.5Jli EMS, 1-4?^  caffeine, 3-4JI^  thiourea and 100-160 ppm 2,4-D 
(Tables-1-6), 
The germination on 20th day was 39S(» in control, 18-2% 
in 5-40 kR gamna rays, A2r-25% in 0»25-4.00?^ DES, 38-12?^  in 0«25-
2»00Jli EMS, 12-151^  in O«25M4.0OJ^ caffeine, 31-2% in 0.25-4.00% 
thiourea and 20u3% in 10-120 ppn 2,4-D (Tables-1-6). 
On 30th day the germination in control was 92.5%. In 
gamsa rays, DES, EMS, caffeine, thiourea and 2,4-D, the gemina-
tion decreased with the increasing concentrations and ranged from 
48.5-1.0% in 5-60 kR gamma rays, 69*34% in 0.25-4.00% DES, 52.5-
6.0% in 0.25-2.5% EMS, 39^12% in ©•25-4.00% caffeine, 67-15% in 
0.25-4.00% thiourea and 45.f^5.0% in 10-140 ppm 2,4-D CTables-1-6). 
Due to delaying effect of mutagens germination could 
not be observed even on 20th day in 60 kR and higher doses of 
gamma rays, 2.5% EMS and 140-160 ppn 2,4-D and upto 30th day in 
160 ppn 2,4-D (Tables-1,3,6). The delayed germination started 
30th day in 60 kR gamma rays, 2.5% EMS and 140 ppm 2,4-D and 46th 
day in 160 pjan 2,4-D (Tables-1,3,6). 
The maximum geimination in control was attained on 30th 
day, but due to delayed germination in treated seeds it reached 
maximum in 40 days. The germination on 40th day was 94% in 
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control, 68-1J^  in 5-60 kR ganuna rays, 82-65?^ in 0.25-4,003^ DES, 
88-896 in 0*25-4.00?l6 EMS, 58-13% la 0»25-4,00% caffeine, 73-15% 
in O*25-4«O0J^  thiourea and 52-2^ in 10-160 ppm 2,4-D (Tables-1-6). 
The gemination continued in higher doses of gamma rays and 
reaehed maxiaua on 46tk day (Table-l). The total number of seeds 
germinated on 40th day was vaxiraum in DES (723), followed by 
thiourea (506), EMS (3f4), gaauna rays (389.5), 2,4-D (389) and 
caffeine (340). DES caused no severe effect on germination. 
In a comparative account it was observed that at lower 
concentrations there was no significant difference in the germi-
nation percentages between 20-30 days, but higher concentrations 
of gamma rays (40 kR), EMS (1.0^) and 2,4-0 (40 ppm) showed 
remarkable differences as compared to control and among themselves 
(Tables-1,3,6). GES, caffeine and thiourea did not show signifi-
cant difference in germination among themselves but significant as 
compared to control. Increased germination within this period 
(20-30 days) in higher concentrations was due to the delayed 
germination* A case of enhanced germination (95.5^) in 5 kR dose 
of gamma rays over control (94^) was observed on 46th day. It was 
because the germination had almost stoped in control whereas it 
continued in the treated seeds. 
SEEDLING GRCMTH 
Heights of randomly selected seedlings were taken from 
soil upto the first leaf on 20th and 30th days after sowing. The 
rate of growth during this period was also studied for comparison. 
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Lower doses of gamma rays, 5 and 10 kR, showed enhanced 
growth over control 20th day after sowing and seedlings measured 
2.29 cm, 3.01 cm and 2,31 cm respectively (Table-7) and 2.96 cm, 
3.78 cm and 3.11 cm in control» 5 and 10 kR respectively on 30th 
day. In higher doses 20, 30 and 40 kR, the mean height of the 
seedlings on 20th day decreased to 2.25 cm, 1.90 cm and 1.62 cm 
as compared to 2.29 cm (control) and on 30th day to 2.91 cm, 
2.68 cm and 2.13 cm respectively as compared to control. The 
higher growth and negative injury percentages between 20-30 days, 
at lower concentrations (5-10 kR) revealed enhancing effect, 
whereas reduced growth and positive value of injury percentage 
were due to inhibitory or toxic effect. 
In lower concentrations of DES(0*25-2.55^) also enhanced 
growth of seedlings was observed. The average height of control 
seedlings on 20th day was 2.29 cm, whereas in 0.25, 0«5, 1.0, 1.5, 
2.0 and 2.5% concentrations the height was 3.25, 2.77, 2.70, 2.65, 
2*64 and 2.43 cm respectively. In higher concentrations (3-4^) 
the average height decreased (Table-S). Consequently no injury 
was exhibited upto 2,^% concentrations. Similar result of enhanc-
ing growth was observed on 30th day (Table-8). 
In 2,4-D treatments also enhanced seedling growth was 
observed. On 20th day the height of seedlings exhibited no 
r«narkable difference as compared to control (Table-12), but on 
30th day the average height (3.57 cm) in 10 ppm was observed to 
be higher than control (2.96 an) which is supported by the growth 
: 40 : 
rate between 20-30 days and injury percentage also. In 20 ppm 
and onwards, the height decreased from 2.82-1.27 aa in 20-100 ppm 
respectively (Table-12). 
In EMS, caffeine and thiourea the average height of the 
seedlings on 20th and 30th day decreased with the increasing 
concentrations as compared to control. The height decreased from 
U 35-0,88 cm in 0*25-2*00Jli EMS (Table-9), 1.74-0.56 cm in 0.25-
4,00^ caffeine (Table-IO), 1.73-0»30 cm in 0.25-4.0051^  thiourea 
(Table-1l) as compared to 2.29 cm (control) on 20th day. On 30th 
day also, the height decreased with the increase of concentrations 
of EMS, caffeine and thiourea. Generally the growth between 20-30 
days also decreased from 0«67 cm (control) to 0.37 cm, 0.18 cm and 
0«44 an in the highest concentration of EMS, caffeine and thiourea 
respectively. 
Injury percentage in gamma rays, DES and 2,4-D showed 
negative sign in some lower concentrations, because the average 
height increased over control^ *hile in higher doses and concent-
rations the height decreased. In the highest dose of gamma rays 
(40 JCR) and highest concentrations of EMS (2.0JU) and 2,4-D 
(too pjMtt) the seedlings could not survive. However, if any seed-
ling survived and reached maturity, as in gamma rays and 2,4-D, 
no viable seeds were produced ao as to germinate in M^ generation. 
In EMS, caffeine and thiourea the growth showed linearly decreas-
ing relationship with the increasing concentrations. The maximum 
injury percentage on 30th day was 54.39, 75.0 and 75.0 in EMS, 
caffeine and thiourea respectively. 
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MORPHOLOGICAL AE[NORMALITIES AT SEEDLING STAGE 
The immediate' effect of physical and chemical mutagens 
appeared at seedling stage upto the foimation of cotyledonary and 
few vegetative leaves* In control the leaves were normal with two 
lanceolate opposite cotyledonary leaves (Plate-1, Figs. ^-S). 
Various abnoimalities were observed in cotyledonary, first pair 
of vegetative and subseqtjient vegetative leaves as well as habit 
and branching of seedlings raised' from treated seeds, 
1» Cotvledenarv Leaves 
The cowaon abnormalities observed are given below 
(Plate-l)* The cotyledonary leaves were unequal and the angle 
between them decreased to less than 180° (Fig, 4), highly 
elongated (Fig, 5), poorly developed (Fig, 6), both the cotyle-
donary leaves shifted to one sid* (Fig. 7), fused at the base 
(Fig, 8), fusion extended to half of the length (Figs. 9,10,22), 
fusion of both the margins forming a tubular structure (Figs. 11, 
12,16,17), cotyledonary leaves fused and shifted to one side 
(Fig. 13), widened mouth of funiael (Fig. 18), and highly elonga-
ted cotyledonaxy leaves with pointed apex (Fig. 19), rudimentary 
cotyledonary leaves (Figs, 20,23), one r^ udimentary and other 
bifarcated (Fig. 21) and fu«ed with vegetative leaves foiming an 
undifferenl^ed structure (Fig, 24)» 
These abnormalities were observed in almost all the 
mutagens except that the' fusion of cotyledonary leaves was more 
: 42 : 
conamon in 2,4-D. Poorly developed and deshaped cotyledonary 
leaves were observed in gamma rays and EMS only. 
2. First Pair of Vegetative Leaves 
Vegetative leaves in control seedlings were ovate, 
divided into three parts by two deep notchings with serrated 
margins. In the treated plants the vegetative leaves exhibited 
various abnoimalities (Plate-1, Figs. 1-24). They were poorly 
developed (Plate-1, Figs. 4,6) and with deshaped lobes (Plate-1, 
Figs, 8,9), rudimentary and enclosed in the cup formed by coty-
ledonary leaves (Plate-1, Figs. 10,11,12,18,19) and coming out 
by breaking the wall of the cup or funnel (Plate-1, Figs. 11,12), 
poorly developed and pushed aside by developing shoot (Plate-1, 
Fig. 13), arranged in a whorl (Plate-1, Figs. 14,15,20), rudimen-
tary with deshaped blade (Plate-1, Figs. 16,22,23), reduced and 
undifferentiated lobes (Plate-1, Fig. 17), deep notching (Plate-1, 
Fig. 20) and fused with cotyledonary leaves forming a composite 
and undifferentiated structure (Plate-1, Fig. 24). 
Rudimentary vegetative leaves (first pair) and/or 
enclosed in cup formed by cotyledonary leaves were frequent in 
2,4-D, while poorly developed and deshaped vegetative leaves were 
observed mainly in gamma rays and EMS, In other mutagens the 
abnormalities were more or less similar. 
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Plate-1: Seedling abnoimalitifes. 
Control seedlings showing cotyledonary and 
first pair of vegetative leaves. 
Decreased angle between the two cotyledonary 
leaves and poorly developed vegetative leaves. 
Cotyledonary leaves highly elongated. 
Poorly developed cotyledonary leaves and 
rudimentary vegetative leaves. 
Both cotyledonary leaves shifted to one side 
and deshaped vegetative leaves. 
Cotyledonary leaves fused at the base and vege-
tative leaves poorly developed. 
Cotyledonary leaves fused upto the half of the 
length. 
Cotyledonary leaves fused forming cup shaped 
structure. Vegetative leaves rudimentary and 
coming out by breaking the wall of the cup. 
Fig,13. Fused cotyledonary leaves and poorly developed 
vegetative leaves which are pushed aside by 
developing shoot. 
Figs.14,15, Cotyledonary and vegetative leaves arising from 
one point showing whorl arrangement. 
Figs.16,17, Decreased size of vegetative leaves and cup 
formed by cotyledonary leaves. 
Fig.18. Widened mouth of funnel formed by the fusion of 
cotyledonary leaves. 
Fig,19. Funnel with highly elongated apices of both the 
cotyledonary leaves. 
Fig,20. Rudimentary cotyledonary and highly notched 
vegetative leaves. 
Fig.21. One cotyledonary leaf bifurcated and other 
rudimentary. 
Figs.22,23. Rudimentary cotyledonary leaves. 
Fig.24. Cotyledonary and vegetative leaVes forming 
undifferentiated structure. 
PLATE-1. SEEDLING ABNORMALITIES 
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3. Morphoioqical Abnoraalitieg in Older Seedlings 
Control seedlings approximately 50 days old were erect, 
with opposite, ovate and elongated leaves having slightly serra-
ted margins and pointed apex (Plate-2A). 
In 30 kR gamma rays the seedlings were semi-erect and 
showed increased number of branches. The older leaves were larger 
in size and the younger ones small and narrow (Plate-2B). In 
40 kR the seedlings showed weak stem, semi-erect and lesser 
number of branches and leaves (Plate-2C). DES enhanced the 
growth and the seedlings showed increased number of branches and 
leaves in 2,0-4.OJIi concentrations but the size of leaves was 
smaller than control (Plate-2D,E). Higher concentrations of EMS 
resulted in increased frequency of abnormalities. The seedlings 
showed reduced height, number of branches and varied leaf shapes 
(Plate-2F,G) and seedlings showed creeping habit of few branches 
(Plate-2F). In EAAS also the size of the leaves decreased as 
compared to control (Plate-2H), 
In caffeine, sometimes the seedlings showed stunted 
growth and changed leaf morphology (Plate-3A,B), while sometimes 
some seedlings exhibited increased height, number of branches 
and leaves even in higher concentration (3.0%) (Plate-3C). In 
thiourea some seedlings exhibited reduction in height but the 
number of branches was more than control with dense and dark-
green leaves (Plate-3D), while some others showed reduced number 
of branches and smaller leaves with serrated raarOins and rounded 
: 44 I 
apex (Plate-3E). In ^ ,4-D (20 ppan) significant reduction in 
height was not observed. However, the number of branches 
increased but in some seedlings the branches were semi- erect 
(Plate-3F). In 30 ppm concentration, the seedlings showed 
reduced height, weak and lesser number of branches showing creep-
ing (Plate-3G) and semi-erect (Plate-3H) nature. 
4. Leaf Morphology 
Variations in leaf morphology were observed in 50 days 
old seedlings also. Upto this stage the leaves were bigger with 
distinct morphological identity. As the seedlings grew older the 
younger leaves gradually decreased in size with increased notch-
ihgs and dissections. Gradually in mature plants the leaves were 
very much dissected, smaller in size and more or less alike in 
all the plants. Resultantly at maturity, the leaves of one plant 
were difficult to differentiate from the other. Keeping this in 
view, the leaf morphology was studied at seedling stage 
(Plate-4A-P). In control seedlings the vegetative leaves were 
elongated with serrated margins and pointed apex (Plate-4A). 
In DES, Botching of the leaves gave the appearance of 
a compound leaf (Plate-46,C), serration of margin increased 
(Plate-4C) and in some seedlings the younger leaves were highly 
dissected (Plate-4D). In EMS the notching deepened to reach the 
rachis and divided the leaf into 6-8 lobes (Plate-4E) or even 
more (Plate-4F), Few seedlings in caffeine and thiourea exhibi-
ted significantly changed morphology of the leaves. In caffeine 
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the leaves were ovate, small and dark green, with single or 
three lobes but the lobe formation was not deep (Plate-4G,H). 
The leaves were almost ebovate ira thiourea. The serration was 
noimal (Plate-4l), but in some seedlings prominent and dividing 
the leaf into distinct lobes (Plate-4J). In 2,4-D needle like 
(Plate-4K) and dissected leaves (Plate-4L), were observed and 
few seedlings exhibited twining habit (Plate-4A{). In gamma rays 
notching was not deep but serration was prominent in small 
(Plate-4N) as well as elongated leaves (Plate-40). However, in 
some plants the leaves were highly dissected (Plate-4P). 
FREQUENCY OF SEEDLING ABNORMALITIES 
The frequency of seedling abnormalities varied in 
different mutagens as well as in different concentrations of a 
particular mutagen. The occurrence of abnormalities in control 
seedlings was nil (0«00), 
The frequency of abnormalities was 0«52-8,165i^  in 5-
40 kR gamma rays, 0,63-6.9231^  in 0*5-4,OJI^  DES, 0#56-10.003^ in 
0*25-2.00?^ E»4S, 1.31-3,84?^  in ©•5-.4,0J^  caffeine, 0,68-4.11% in 
0.25-4.003^ thiourea and 0,98-7, I43li in 20-100 ppm 2,4-D concent-
rations (Table-16)* Th« maximum abnormalities in the seedlings 
of Ma generation were observed in EMS followed by gamma rays, 
2,4-D, DES, thiourea and caffeine. 
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MORPHOLOGICAL VARIATIONS IM MATURE PLANTS 
The control plants exhibited homogenous population of 
more or less similar morphological characters. The morphological 
variants selected from the treated populations were : dwarf, 
bushy, erect and semi-erect, weak stem with twining habit, hard 
and woody stem, profuse branching, significantly decreased 
branching, broad leaves, small narrow leaves, serrated and highly 
dissected leaves, dark green leaves and sterile mutants etc. 
The frequency of t*ese variants (mutants) was nil in 
control, 0»52-6. 125li in 5-40 kR gamma rays, 0.63-5,1251^  in 0,50-
4.003^  DES, 0*50-84333^ in 0*25-2,00J^  EMS, 1.28-2.17?^  in 0.5-4.0% 
caffeine, 0.68-3.33?^ in 0^2^4*Q0% thiourea and 0.98-5.71J^  in 
20-100 ppm 2,4-D (Table-16). The frequency of abnormal plants 
increased with the increasing concentrations but lower than that 
in seedling stage. The decreased frequency of variants at mature 
stage was due to decreased survival percentage which in turn was 
caused by the death of plants during the course of their develop-
ment. However, maximum variants were obtained in EMS followed by 
gamma rays, 2,4-D, DES, thiourea and caffeine. 

PIate-2: Morphological abnormalities in older seedlings. 
Fig.A. Normal seedlings,{untreated). 
Fig.B. Semi-erect seedling with dissected leaves (30 kR), 
Fig.C, Creeping seedlings with weak and lesser number 
of branches and leaves (40 kR), 
Fig.D. Erect seedlings with increased number of branches 
and brc|d and smaller leaves (2.0Jli DES). 
Fig.E. Vigorous seedlings with healthy branches and 
leaves (4.0% DES). 
Fig.F. Erect seedlings with one semi-erect branch and 
dissected leaves {l,^% EMS)^ 
Fig.G. Healthy seedlings with highly dissected leaves 
(2.0^ EMS) 
Fig.H. Lesser number of branches and decreased size of 
leaves (2.0J^  EMS). 
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PLATE- 2, MORPHOLOGICAL ABNORMALITIES IN OLDER SEEDLINGS 
Plate-3: Morphological abnormalities in older seedlings. 
Fig.A. Erect seedlings with reduced height, increased 
number of branches and obovate leaves (0.25^ 
caffeine). 
Fig.B. Seedling showing increased number of slightly 
dissected and obovate leaves (2.0% caffeine). 
Fig.C. Vigorous growth with increased number of 
branches and leaves (3.0% caffeine). 
Fig.D. Reduced height but increased number of branches 
and broad leaves (2.0% thiourea). 
Fig.E. Seedling with lesser branches, leaves obovate 
with serrated margin and round apex (3.0% 
thiourea). 
Fig.F. Increased number of branches and leaves, but the 
branches are weak and semi-erect (20 ppm 2,4-D). 
Fig.G, Seedling showing retarded growth with weak 
branches and small leaves (30 ppm 2,4-D). 
Fig.H, Lesser, weak and semi-erect branches (30 ppm 
2,4-D). 
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PLATE-3,MORPHOLOGICAL ABNORMALITfES IN OLDER SEEDLINGS 
Plate-4: Leaf variations induced by different mutagens. 
Fig.A. Noimal vegetative l^ves. 
Fig.B, Smaller leaves with notching, 
Fig.C. Bigger leaves divided into three lobes by deep 
notching and prominent serration. 
Fig.D. Younger leaves highly dissected. 
Fig.E. Deep notching reached the rachis divide the 
leaf into 6-8 lobes. 
Fig.F, More number of lobes in the leaf. 
Fig.G-H, Broad leaves, ovate, dense and dark green. 
Fig.I. Obovate leaves, serrated margin and round apex. 
Fig.J. Obovate bigger leaves irregular but promi-
nent serration and notching. Some leaves 
divided into 2-3 lobes, 
Fig.K. Needle like leaves. 
Fig.L. Dissected leaves. 
Fig.M, Weak stem and branches showing twining habit. 
Fig.N. Broad leaves with slight serration and notching, 
Fig.O. Lanceolate bigger leaves with prominently 
serrated margin and pointed apex. 
Fig.P. Highly dissected, dense and smaller leaves. 
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PLATE-4, LEAF VARIATIONS INDUCED BY 
DIFFERENT MUTAGENS 
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HEIGHT. INJURY AND SURVIVAL PERCENTAGE OF MATURE PLANTS 
Height was measured from the randomly selected control 
and treated populations of each mutagen. Generally the average 
height decreased with the increasing doses of gamma rays and 
concentrations of chemical mutagens except DES and 2,4-D, which 
showed increased height over control at lower concentrations. 
The average height of control plants was 90,98 cm. The 
height decreased to 76.66 cm, 75.20 cm, §4.73 cm, 61.13 cm and 
52.86 cm in 5, 10, 20, 30 and 40 kR gamma rays respectively 
(Table-13). In EMS the height decreased to 90.48 cm, 89»53 cm, 
84.07 cm, 81.27 cm and 70.93 cm in 0.25, 0.5, 1.0, 1,5 and 2.0J^  
concentrations respectively (Table-14). In caffeine the height 
decreased to 90.13 cm, 89,87 ana, 89.26 cm, 89.93 cm, 86.60 cm, 
85,40 cm, 86,07 cm, 85.33 cm and 82.33 cm in thiourea to 90.26 
cm, 90,46 cm, 85.40 cm, 83.93 cm, 80.86 cm, 80.53 cm, 80.47 cm, 
79.73 cm and 75.53 cm in 0.25, 0*5, 1,0, 1.5, 2.0, 2.5, 3.0, 3.5 
and 4.0^ concentrations respectively (Tables-14,15). The maximum 
decrease in height was observed in gamma rays followed by EMS. 
The coefficient of variation of height of mature 
plants in control population was 11.38?^  (minimum). It ranged 
from 28.54-42.87^ in 5-40 kR (Table-13), 12.38-18.06^ in 0.25-
2.00?^  EMS (Table-14), 14.93-23.11^ in 0,25-3.00^ caffeine 
(Table-14) and 10,21-23.84% in 0,25-4.00% thiourea (Table-15). 
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The lower. Coefficient of variation in control popula-
tion revealed that there was no variation in the height of 
individual plants ©f the population but as the coefficient of 
variation increased with the increasing concentrations the 
height of individual plants varied considerably and the heights 
were not consistent due to the toxic or mutagenic effect of 
these mutagens on plant growth. The coefficient of variation 
was maximum in gamma rays followed by caffeine» thiourea and EMS. 
Alongwith variation in the height of treated popula-
tions, the injury percentage (height) increased with simulta-
neous decrease of survival percentage with the increase of doses 
of gamma rays and concentrations of EMS, caffeine and thiourea 
(Tables-13-15). The injury percentage in control was 0.00. It 
was maximum (41.90^) in 40 kH gamma rays followed by 2.0^ EMS 
(22.04JI^ ), 4.0JI^  thiourea (l7.205li) and 4.0^ caffeine (9.51^). On 
the other hand survival percentage in control was maximum 
(91.495^). It decreased to minimum 16.33, 48.00, 33.33 and 
41.67JI^  in 40 kR gamma rays, 2.0J^  EMS, 4.0?^  caffeine and 4.0^ 
thiourea respectively. The survival percentage decreased with 
the increasing concentrations. 
In DES the mean height was 91.87 cm, 90.66 cm, 90.53 
cm, 89.46 cm, 87.47 cm, 88.80 cm, 88.33 cm, 88.20 cm and 87.93 
cm in 0«25 , 0*5, 1.0, 1.5, 2.0, 2.5, 3.0, 3,5 and 4.0?^  concent-
rations respectively (Table-13). In 2,4-D the mean height was 
91.25 cm, 93.66 cm, 86.60 cm, 80.47 cm, 79.04 cm, 78.33 cm and 
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73,00 ana in 10, 20, 40, 60, 80, 100, 125 ppm concentration 
respectively (Table-15). In these two mutagens the height did 
not follow decreasing trend with the increasing concentrations, 
instead in lower concentrations (0»25^ eES, 10 and 20 ppm 2,4-D) 
the average height of the plants increased over that of control 
plants. It is further supported by the negative value of injury 
percentage. In 0,5 and 1.0^ DES the height decreased to 90.66 cm 
and 90,53 cm respectively, which was insignificant as compared 
to control. In higher concentrations decrease in height was 
significant. Similarly in 10 and 20 ppm 2,4-D the height 
increased over control. In still higher concentrations the 
height decreased linearly. In 125 ppm concentrations the plants 
could not survive till flowering (Table-15), In 2,4-D also the 
injury percentage was negative at lower and positive at higher 
concentrations (Table-15). The lower concentrations of DES and 
2,4-D showed enhancing effect at seedling and maturity stage but 
higher concentrations decreased mean height with the consequent 
increase of 4ai«tjr§ipercentage from 0«00-3.35 in DES and 0.00-
13.90 in 2,4-D and decrease of survival percentage from 91.49-
60,00 and 91.49-14.89 respectively in the control and highest 
concentrations. 
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MEIOTIC STUDIES IN M^ GENERATION 
To estimate the potency of mutagens and the mutation 
response of a genotype the chromosomal behaviour with respect 
to meiosis is considered to be one of the most reliable indices. 
Induction of structural rearrangements is one of the important 
ways of achieving new recombinations which are rarely obtained 
by the conventional methods. Moreover, the relative mutagen 
sensitivity is estimated through the degree of injury manifested 
by different mutagens in the immediate generation. 
The present investigation deals with the study on the 
types of chromosome associations, frequency and types of other 
chromosomal abnormalities in different treatments, A compara-
tive study among different concentrations of a mutagen as well 
as among different mutagens (i.e. gamma rays, DES, EMS, caffeine, 
thiourea and 2,4-D) was also carried out. The observations were 
mainly confined to diakinesis, metaphase I and anaphase I stages. 
The parameters of meiotic studies were chiasma frequency, multi-
valent (hexavalents, quadrivalents and trivalents), bivalents 
(rings and rods), univalents, laggards, bridges, fragments, 
stickiness and precocious separation etc. 
Ammi ma.ius has eleven bivalents (2n = 22), a family 
character of most of the umbellifers. Metaphase I showed normal 
behaviour'with the regular separation of 11 chromosomes towards 
either pole at anaphase I. Telophase I was also normal 
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(Plate-5A-E)« The abnormalities in chromosome structure and 
behaviour, whatsoever, observed in control, were natural and 
the frequency was almost negligible. The treated plants exhibi-
ted variable frequencies of abnormalities, 
1. ABNORMALITIES AT PIAKINESXS 
i) Chiasma Frequency 
Chiasma frequency is a constant and genetically cont-
rolled character which does not vary much unless the plants are 
subjected to any change by mutagen or environment. The chiasma 
frequency in control plants was 21.53 per cell. It decreased 
from 21.53 (control) to 12.60 per cell in 40 kR gamma rays. The 
decrease in frequency was significant at ],0% level in 5 kR to 
40 kR (Table-19). The chiasma frequency per bivalent in control, 
5, 10, 20, 30 and 40 kR was 1.96, 1,70, 1.55, 1.46, 1.27 and 1.14 
respectively (Table-19). The control plants showed mostly ring 
bivalents at diakinesis (Plate-5A), but the frequency of rod 
bivalents increased with the increase in the intensity of gamma 
rays (Plate-6A-C). 
In DES, EMS, caffeine and thiourea the per cell 
chiasma frequency decreased more or less linearly with the 
increasing concentrations. The frequency of chiasma per cell 
decreased from 21.53 (control) to 17,60 per cell in 4,0% DES, 
14.80 per cell in 2.0^ EMS, 14.57 per cell in 4.0?^  caffeine and 
14.30 per cell in 4.0jli thiourea {Tables-20-23, Plate-7A-E). In 
J 52 $ 
DES the decrease in chiasma f^^uency was insignificant (20«73 
per cell) upto Q^b% while in 1.^1.5?^ and 2.0-4.0% it decreased 
from 20.07 to 20,00 per cell and t9.17 to 17,60 per cell which 
were significant at 5^ and 13^  ley5el respectively (Table-20), 
The frequency of chiasna per l^ i^ alent exhibited the results 
accordingly. In EMS the frequency decreased from 19»33 to 14,80 
per cell in 0,25-2.00?^ wibich was significant at I.OJI^  level even 
in 0»255l^  concentration/(Table-^21). In caffeine and thiourea 
also the decreas,&-ln chiastoa frequency in 0,25-4.00^ was 19»57 
to 14.57 per cell and 19.70 to 14.30 per cell respectively which 
was significant at I.OJI^  level even in 0.25^ concentration 
(Tables-22,23). 
In 2i4-D the per cell frequency of chiasma decreased 
from 21.53 (control) to 14.87 in the highest concentration 
(100 ppm). 2,4-D at low concentration (10 ppm) was less effect-
ive on chiasma while in 20 ppn (18*30 per cell) and onwards the 
decrease in frequency was significant at 1,0% level (Table-24). 
The lowest frequency of chiasma (12,60 per cell) in 
the highest concentration of mutagen was observed in 40 kR gasuBa 
rays and the highest frequency (17,60 per cell) in 4,0% BES, 
Decrease in the frequency of chiasma was observed due 
to the reduction in the frequency of rings and increase in rod 
bivalents and univalents. The maximum number of rings (11 to 10) 
was observed in control (Plate-9A). In rare cases they were 
below 10. In treated plants the number of ring bivalents 
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decreased to 5 (Plate-7A), 4 (Plate-7F,C^,J), 3 (Plate-7B,K), 
2 (Plate-7H) and 1 (Plate-7C,E). In some cells instead of ring 
bivaients, only rod bivalents and univalents were observed 
(Plate-7D), particularly in gamma rays (Plate-6A-C). 
ii) Multivalents 
Multivalent formations were often observed at diaki-
nesis and metaphase I stages in higher doses of gamma rays and 
higher concentrations of ch^aical mutagens, 
A) Quadrivalents 
Quadrivalents arising as a result of reciprocal trans-
locations between the non-homologous chromosomes were found in 
gamma rays, DES, EMS and 2,4-D treatments. In control, caffeine 
and thiourea the quadrivalents were not observed. 
In gamma rays the frequency of quadrivalents was 0.03 
and 0,13 per cell in 30 and 40 kR respectively (Table-19, 
Plate-6C), In DES the frequency was constant at 0,07 per cell 
in 2,0-4,0?^  concentrations (Table-20, Plate-7I,L). In EMS it 
was 0«03 and 0*07 per cell in 1,5 and 2«0^ respectively 
(Table-21, Plate-7K). In 2,4-D the frequency was 0.03, 0.03, 
0,07 and 0,07 in 40, 60, 80 and 100 ppm respectively (Table-24, 
Plate-7j), The increase in the per cell frequency of quadri-
valents was significant at ^,0% level (0,07 per cell) in 2.0% 
EMS and significant at 1.03^  level (0,13 per cell) in 40 kR gamma 
rays. 
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B) Trivalents 
Trivalecits were observed in BvlS, caffeine and thiourea 
only. In EMS the occurrence of trivalents was not dependent on 
concentrations because its frequency was 0,03 per cell in 0,25 
and 1.5% concentrations only (Table-21, Plate-7G). In caffeine 
the frequency was constant at 0.03 per cell in 3.5 and 4.0/o 
(Table-22). In thiourea the frequency increased to 0.03, 0,03 anci 
1.0 per cell in 1.0, 1.5 and 2.05^  respectively but decreased to 
0,07 per cell in 2.5%, while'in 3.0, 3.5 and 4.0% concentrations 
trivalents could not be observed (Tabie-23, Plate-7vi). The increa-e 
in the frequency of trivalents was significant at 1.0,o level in 
2.0% thiourea, while in EiviS and caffeine the frequency was insig-
nificant. In gamma rays, DES and 2,4-D the trivalents could not 
be observed. 
ill) Univalents 
The univalents were studied at diakinesis and meta-
phase I stages. The frequency of univalents in control was nil 
(0,00), whereas it varied from 1-8 or even more in some treated 
cells. In gamma rays they were not observed upto 5 kh. The per 
cell frequency increased from 0*07-1.17 in 10-40 kh Uable-19). 
Increase in the frequency was significant at 5.0% level in 30 kn 
and at 1.0% level in 40 kR. Unlikely the coefficient of v,,riation 
decreased from 521.42-187,86% in 10-40 kR which revealed that the 
distribution of univalents was more homogenous in higher doees as 
compared to lower. 
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In DES the univalents (0»13 per cell) were observed 
even in 0«255^  and increased to 0«67 per cell in 3.5%. The 
occurrence of 0,53 and 0*60 univalents per cell in 2.5% and 4.0% 
was significant at 5,0% level and 0^67 per cell in (3.5%) at 
1.0% level (Table-20). 
In EMS they could not be observed in 0*25% and 0»5% 
concentrations. The frequency was 0«27 per cell in 1,0% EMS and 
increased to 0.33 per cell in 1,5% (significant at 5%) and 0.47 
per cell in 2.0% (significant at 1%) (Table-2l). In caffeine 
the frequency increased from 0,07 to 0,27 per cell in 0»5-4,0%. 
The frequency (0»27 per cell) was significant at 5.0% level in 
3.5 and 4.0% concentrations (Table-22). The effect of thiourea 
was observed from the very beginning and increased from 0,07-
0,53 per cell in 0.25-3.5%. The increase in the frequency (0,33 
per cell) was significant at 5.0% level in 3.0% and at 1^ 
level in 3.5% thiourea (0,53 per cell). It decreased to 0,17 
per cell in 4.0% which was insignificant (Table-23). Similarly 
2,4-D followed the same trend. The frequency increased from 
0,07-0.53 per cell in 10-100 ppm and was significant at 1.0% 
level. The maximum frequency of univalents was observed in gamma 
rays followed by DES, thiourea, 2,4-D, EMS and caffeine. 
Besides, the per cell frequency of univalents, they 
ranged from 0 (control) to 1 (Plate-7G,j), 2 (Plate-7B), 
4(Plate-6B) and even upto 12 or 14 (Plate-7E,H,D). 
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2 . ABNORMALITIES AT METAftJASE I 
Generally the abnoiwalities were studied at metaphase-
I alongwith diakineais and anaphase I. The parameters for meta-
phase studies were the frequency of ring and rod bivalents, 
multivalents, univalents precocious separation and stickiness 
etc. 
i) Frequency of Ring Bivalents 
In gamma rays the frequency of ring bivalents increa-
sed from 0,03 per cell (control) to 0.47 per cell in 40 kR which 
was significant at 1% level (Table-19). In DES the increase was 
more significant as it increased from 0.03 (control) to 0,63 and 
0.73 per cell in 2.5 and 3.0?^  respectively (Table-20) (signifi-
cant at 'i% level) but in higher concentrations (3.5 and 4.0^) 
the frequency decreased to 0*60 and 0.47 per cell respectively. 
In 4,0^ DES the frequency was significant at 5^ level only. In 
EMS the frequency increased to 0,33 and 0.37 per cell in 1.5 and 
2.0^ respectively and was significant at 1^ level (Table-21). 
In caffeine the frequency increased to 0.33 per cell 
in 1.5^ (significant at 1^ level) and then decreased in further 
increasing concentrations to 0.13 per cell minimum in 4.0% 
(Table-22). The frequency increased to 0.17 per cell in 3.5% 
thiourea but was insignificant and then decreased to 0.13 per 
cell in 4.0^ (Table-23), In 2,4-D the frequency of ring biva-
lents was observed to increase to 0.33 and 0.47 per cell in 
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80 and 100 ppan respect ively which was s ign i f i can t at 5% and 1% 
leve l s respect ively (Table-24). 
Besides, the per cell frequency of ring bivalents 
(mean) it ranged from 0 (control Plate-5B) to 1(Plate-8E)and 
9-F,J,K), 2 (Plate-9E), 3 (Plate-9G) and even more in some 
higher concentrations of the mutagens. 
ii) Frequency of Rod Bivalents 
The average frequency of rod bivalents in control was 
10.93 (maximum) per cell and it ranged from 11 (Plate-6A) in 
most of the normal plants to 10 (Plate-8A-E), 9 (Plate-8F), 
8 (Plate-9E), 7 (Plate-9J), 6 (Plates-8G,H and 91) 5 (Plate-8D), 
4 (Plate-9F), 3 (Plate-9G,K) or even lesser due to the formation 
of ring bivalents, univalents and multivalents in different 
treatments. 
The per cell frequency of rod bivalents decreased from 
10,93 (control) to 10,33 in 40 kR gamma rays (significant at 1% 
level) (Table-19). 
In DBS it showed significant decrease from 10.80-9.90 
in 0.25-3.005^ and then increased to 10,00 and 10,23 per cell in 
3,5 and 4.0^ concentrations respectively (Table-20). However, 
the decrease in the frequency was significant at 5% level in 
1.5% and at ^% level in 2.0-4.0JI^  DES. In EMS the frequency 
decreased gradually from 10.93-10.27 per cell in 0.25-2.0% 
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(Table-2l). The frequency was significant at ]% level in 1.5 
and 2.0% concentrations. The effect of caffeine on rod biva-
lents was not regular with its increasing concentrations. The 
frequency decreased from 10»93 (control) to 10,43 in 4.0^ 
concentration (Table-22). The decrease was significant at 5% 
level in UO, 1.5 and 3.5^ and at ^% level in 0.5 and 4.0% 
concentrations CTable-22). The reduction whatsoever, in the fre-
quency of rod bivalent seemed to be due to the chance effect of 
the chemical. In thiourea the frequency decreased from 10,93 
(control) to 10,63 in 3.0Jli but in 3.5 and 4.0% the frequency 
showed increasing trend to 10,67 and 10,73 per cell respectively 
(Table-23). It showed that 3.0% was the highest concentration of 
thiourea to cause maximum effect on rod bivalents, thereafter the 
rod bivalents started recovery. In 2,4-D the frequency decreased 
linearly to 10,00 per cell in 100 ppm. The decreases was signi-
ficant at 1% level in 40 ppm and onward concentrations(Table-24). 
iii) Multivalents 
A) Quadrivalents 
Quadrivalents could not be observed at metaphase I of 
control plants, similar to diakinesis. In gamma rays the fre-
quency was 0,03, 0,03 and 0*07 per cell in 20, 30 and 40 kR 
respectively (Table-19; Plate-7H), In EMS they occurred 0,03 and 
0,03 per cell in 1.5% and 2.0% (Table-21; Plate-8L). In 2,4-D 
the frequency was 0,03 and 0,07 per cell in 80 and 100 ppm 
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respectively (Table-24; Plate-9G). The increase in the per cell 
frequency of quadrivalents was significant at b% level in 40 kR 
"gamma rays and 100 ppm 2,4-D. While in EMS they were insigni-
ficant, Quadrivalents could not be observed in DBS, caffeine 
and thiourea at metaphase !• 
B ) Trivalents 
The occurrence of trivalents was not observed at meta-
phase I of control plants. They were more common in caffeine 
and thiourea. The frequency in caffeine was 0,03, 0.03, 0,03, 
0.07 and 0.07 per cell in 2,0, 2.5, 3.0, 3.5 and 4.0% respect-
ively (Table-22; Plate-8G and 91). In thiourea the frequency 
was 0#03, 0»03, 0«07 and 0»07 per cell in 1,5, 2.0, 2.5 and 3.0% 
respectively (Table-23j Plate-9F), Trivalents could not be 
observed in 3,5 and 4,0Jli thiourea. In 2,4-D the frequency, 0,03 
per cell, was constant in 60, 80 and 100 ppm concentrations 
(Table-24; Plate-9J). 
The increase in the frequency of trivalents was signi-
ficant at b% level in 3,5-4,0% caffeine and 2.5-3,0% thiourea, 
while it was insignificant in 2»4-D. They could not be observed 
in gamma rays, DES and EMS treatments. 
iv) Univalents at Metaphase I 
The frequency of univalents at metaphse I stage was 
as good as at diakinesis. In control they were observed to be 
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0«07 per cell. The frequency of univalents at metaphase I ranged 
from 1 (Plate-9I), 2(Piates-8C and 9 E ) , 3 (Plate-9F,J), 
4 (Plate-8F,l), 6 (Plate-8B), 7 (Plate-8G) and upto 12 (Plate-8D). 
Sometimes even 14 univalents were observed in a single cell 
(Plate-9K). 
The frequency of univalents increased from 0,07 
(control) to 0*37 per cell in 40 kR gamma rays, 0.80 per cell 
in 3.5^ DES, 0«73 per cell in 2*051^  EMS, 0*70 per cell in 4,0?^  
caffeine, 0*40 per cell in 3.0Jii thiourea and 0,7 per cell in 
100 ppm 2,4-D (Tables-19-24). 
Increase in the frequency of univalents was signifi-
cant at ^% level in 30 and 40 kR gamma rays (Table-19), 2.0, 
2.5, 3.0 and 4.05^  DES (Table-20), 1.5^ EMS (Table-2l), 0*5, 1.0 
and 3,5% caffeine (Table-22) and 40 ppm 2,4-D (Table-24). 
It was significant at ^% level in 3.5% DES, 2.0% EMS, 
4.0?^  caffeine and 60-100 ppm 2,4-D (Tables-20,22,24). In thiourea 
the occurrence of univalents was insignificant as compared to 
control. 
Generally the frequency of univalents increased with 
the increasing concentrations, but it decreased in 4,0J^  DES, 
3.5 and 4.0^ thiourea. It revealed that beyond optimum concent-
ration limits of these mutagens, univalents were not produced 
and resultantly either the frequency remained constant or 
decreased thereafter. 
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In a comparison of the frequency of univalents at 
diakinesis and metaphase I it was observed that in gamma rays 
and thiourea the frequency at metaphase I was lesser than at 
diakinesis, whereas in DES, EMS, caffeine and 2,4-D it was more 
than at diakinesis. 
v) Precocious Separation 
Precocious separation of chromosomes at metaphase I 
could not be observed in control. In treated plants the preco-
ciously separating chromosomes observed were 1 (Plate-8I), 
2 (Plate-8D,H,K), 3 (Plate-8J), 4 (Plate-9D) and sometimes upto 
7 (Plate-6E). Besides, the quadrivalents (PlatesBL and 9A,B), 
trivalents (Plate-9F) and univalents CPlate-9A,B,C,D,F) were 
also observed to move earlier than the other chromosomes. Some-
times unsynchronized movement of chromosomes also resulted into 
precocious separation (Plates-8C,G and 9E,K), 
The frequency of precocious separation of chromosomes 
increased from 0,03 to 0*13 per cell in 10-40 kR gamma rays 
(Table-19). In DES the frequency increased from 0.03 to 0.13 per 
cell in 1.0-2.59^  and then decreased gradually to 0,07 per cell 
in 4.0^ concentration (Table-20), In EMS the precocious movement 
of chromosomes was not observed upto 0,25 and 0,5%, It increased 
from 0.07 to 0,23 per cell in 1.0-2.0J^  concentrations (Table-21). 
In caffeine the frequency of precocious separation of chromo-
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decreased to 0,1 per cell in 1,0^ and remained constant at 0,07 
per cell in 1.5-4.0J^  concentrations (Table-22). It showed that 
lower concentration of caffeine (0*5%) was more effective. 
In thiourea the frequency increased from 0.03 to 0.10 
per cell in 0,5-3.03^  and then decreased to 0.07 per cell in 3.5 
and 4.051^  concentrations (Table-23). In 2,4-D the frequency 
increased from 0.03 to 0,13 per cell in 10-100 ppm (Table-24). 
The increase in the frequency of precocious separation 
of chromosomes was significant at b% level in 30-40 kR gamma 
rays, 2.5J^  .DES and 100 ppm 2,4-D and significant at 1% level in 
2.0$ EMS and 0#5% caffeine. In thiourea the frequency of preco-
cious separation was insignificant throughout and in 2,4-D upto 
80 ppm concentrations. 
vi) Stickiness of Chromosomes 
Stickiness in the chromosomes could not be observed in 
control, while it was observed in treated plants (Plates-6D; 
8J,K; 9B,C,D) which often resulted into the precocious separation 
of chromosomes. 
The highest frequency of stickiness was observed to be 
1.0 per cell in 2.051^  EMS, 0.07 per cell in 40 kR gamma rays, 2.0-
4.0% caffeine and 40 ppm 2,4-D and 0,03 per cell in 0,5% DES 
treatments (Tables-21,19,22,24,20), It was significant at 1% 
level in 2.0?^  EMS only. In other mutagens the frequency was 
insignificant. In thiourea the stickiness was not present. 
a* B^WORMALITIES AT AiaPfl^ j 
The studies on^*^* abBormaXities a t anaphase I war© 
mainly coRcemec vyitTi nt®^"®"cy of iaggards , b r i d ^ * , s t r e t ch -
ing of chromaJin materialA wnsynchronized moveaent of •hromo-
somes ^ f j i ^ e n t s and unequ^J- divis ion of chroao«««ies, 
i ) Laqgaids 
Occurrence of laggards was the common abnormality 
observed in control and all the mutagens, the oniy differenee 
was in their frequencies. In control plants the frequency of 
laggards was very low (0*03 per cell) and absent in most «f the 
cells (Plate-5D). In treated plants the laggards ranged from 
4 (Plates-6 F and lOC) to 4 (Plate-lOD) or sometimes eight 
(Plate-IOA). Bivalent laggards were also observed in some ceils 
(Plate-IIA). Besides, disoriented chromosomes (W-ate-ltB,C) and 
the chromosomes showing tendency towards the formation of 
laggards (Plate-IOB) were also observed. 
The frequency increased linearly from 0.03 (ccmtrol) 
to 0,30 per cell in 40 kR with the increasing doses of gamara 
rays (Table-19> and was significant at 1% level in .40^ kJi. In 
DES it increased to 0.20 per cell in 2.^% which is significant 
at 5^ level while in still higher concentration the cells showed 
no response (Table-20). In 0.© also, it increased to 0.13 per 
cell in t,5^ and tb^ .d^r«a8ed to 0.10 per cell in 2.0^ concent-
ration (Table-21). In caffeine the frequency ranged between 0.07 
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and 0,10 per cell irregularly from 0.25 ^4.00?^ (Table-22). More-
over, the increase in frequency due to mutagenic and/or toxic 
effect seined to be independent of concentrations. In thiourea 
the frequency increased gradually to 0«10 per cell in 4.0% 
(Table-23). The frequency was insignificant in EMS, caffeine 
and thiourea as ccmpared to control. In 2,4-D the laggards 
increased to 0»10 per cell in 20-80 ppm and further to 0.13 per 
cell in 100 ppm. It was significant at b% level in 20-80 ppm 
and at ^% level in 100 ppm (Table-24). 
ii) Bridges 
The bridges could not be observed in control(Plate~5D). 
In treatments single (Plates-6G and 10F,G,H), double (Plate-10I,J) 
and sometimes multiple bridges (Plate-6G) were observed. The 
frequency of bridges in gamma rays increased from 0,03 per cell 
(20 kR) to 0*13 per cell (40 kR) as compared to 0,00 in control 
(Table-19). In EMS they increased insignificantly from 0,03 to 
0.07 per cell in 0,5-2.0Jli (Table-2l). In DES, caffeine and 
2,4-D the maximum frequency was 0.07 per cell in 0,5 DES, 3,5% 
caffeine and 40-60 ppm 2,4-D (Tables-20,22,24). After reaching 
a maximum frequency, it decreased in DES while remained more or 
less constant in caffeine and 2,4-D even with the further 
increase of concentrations (Tables-20,22,24). The increase in 
the frequency was significant at b% level in 0.5% DES, 2.5% 
caffeine and 40-60 ppm 2,4-D and at 1% level in 40 kR gamma rays. 
In thiourea the bridges were insignificant as compared to control 
(Table-23). 
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iii) Stretching of Chromatin Material 
Stretching of chroaatin material could not be observed 
in control, while in higher doses of gamma rays and higher con-
centrations of chemical mutagens it was common and in some cases 
the increase was significant. 
In gamma rays it increased from 0,03 to 0«17 per cell 
in 5-30 kR and then decreased to 0,10 per cell in 40 kR 
(Table-19). Stretching was not observed in lower concentrations 
(0,25-1.5^) of DES but in 2.0, 2.5 and 3.0^, the frequency was 
0,10, 0.10 and 1.0 per cell respectively. It decreased to 0.07 
per cell in 3.5 and 4.0?^  DES (Table-20). In EMS the stretching 
increased to 0,13, 0*17 and 0,23 per cell in 1.0, 1.5 and 2,Q% 
respectively (Table-2l). In caffeine the frequency of stretching 
in different concentrations was most irregular because it 
increased to 0,07 and 0,10 per cell in 1.0 and 1,5^ and decreased 
to 0,03 per cell in higher concentrations (2.0-3.5%). In still 
higher concentration {A,0%) it suddenly increased again to 0,10 
per cell (Table-22). In thiourea the stretching increased from 
0*03 to 0,07 per cell in 2.0-3.5% but absent in 4.0% concentra-
tion (Table-23). It was observed within a limited range of con-
centrations from 2.0-3.5%. Similarly in 2,4-D the frequency 
increased from 0*03 to 0,10 per cell in 40-60 ppm but absent in 
80 and 100 ppm (Table-24). The absence of stretching and other 
abnormalities at higher concentrations of some mutagens was 
probably due to decreased germination and survival percentage 
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and it revealed that the survived plants were resistant to the 
effect of mutagen. The increase in the frequency of stretching 
was significant at b% level in 20 and 30 kR gamma rays, 2.0-3.0^ 
DES, 1.5% EMS, 1.5% and 4.0% caffeine and 3.0-3.5% thiourea and 
significant at 1% level in 2.0% EMS only. 
iv) Unsynchronized Movquent ef Chromosomes 
In treated plants the chromosomes started separating 
at anaphase I without following any definite pattern. Few chromo-
somes were observed to separate earlier (Plates-6E and 11C,D) or 
lagged behind (Plates-10A,B,D and 11A) which might have resulted 
in precocious separation or disorientation of chromosomes 
(Plate-8G). Unsynchronized movement of chromosomes at late 
metaphase I or anaphase I was observed in ganuna rays, caffeine 
and thiourea. In gamma rays the frequency of unsynchronized 
movement of chromosomes was 0.07 per cell in 20 kR and increased 
to 0«13 per cell in 40 kR (Table-19). In caffeine the frequency 
increased from 0,03 to 0,13 per cell in 1.5-4.0% (Table-22). In 
thiourea the frequency was 0,03 per cell in 1.0-1.5% concentra-
tions and absent in 2.0-4,0%. The frequency was significant at 
5% level in 40 kR gamma rays and 3.5-4.0% caffeine and insignifi-
cant in thiourea. In DES, EMS and 2,4-D unsynchronized movement 
of chromosomes could not be observed. 
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v) Fragments 
The fragments were absent in control. They were gene-
rally observed at diakinesis and metaphase I (Plates-8D and 9E,F), 
but at anaphse I the frequency was very low. Moreover, the frag-
ments were generally associated with bridges (Plate-101,J) and 
rarely free. 
In gamma rays the frequency of fragments was 0,03 per 
cell in 10 kR and increased to 0*10 per cell in 40 kR (Table-19). 
In DBS it was constant at 0*03 per cell in 2.0-4,051^  concentra-
tions (Table-20), In 2,4-D it increased from 0,03 to 0,07 per 
cell in 60-100 PF»», 
Fragments could not be observed in EMS, caffeine and 
thiourea. Increase in its frequency was significant at ^% level 
in 40 kR gaawna rays only while in DES and 2,4-D the frequency 
was insignificant. 
vi) Unequal Division of Chromosomes 
Unequal division of chromosomes did not occur in cont-
rol (Plate-5D). In treatments it exhibited different distribution 
patterns like 10 + 11 with one laggard (Plates-6F and IOC), 9+11 
with one bivalent laggard (Plate-11A) and 7 + 7 with 8 laggards 
(Plate-IOA). The occurrence of unequal separation of chromosomes 
was common in all the mutagens with the difference in their fre-
quencies only. The frequency of unequal division increased from 
: 68 : 
0*03 to 0*07 per cell in 20-40 kR gamma rays (Table-19), from 
0.07 to 0.10 per cell in 1.5-2.0?^  EMS (Table-2l). In thiourea 
it increased from 0«03 to 0»10 per cell in 0«25-3.00^ and then 
decreased to 0*07 per cell in 3.5-4.0% concentrations(Table-23). 
Similarly in DES the frequency increased from 0,03 to 0.10 per 
cell in 1.0-2.0?^  and then decreased to 0*03 per cell in 2.5^ but 
absent in 3.0, 3.5 and 4.0?^  concentrations (Table-20), Increase 
in the frequency of unequal division was significant at ^% level 
in 1.53^  DES and 2.0JI^  EA4S and significant at 1% level in 2.05^  DES. 
They could not be observed in caffeine and 2,4-D. 
4. ABNORMALITIES AT TELOPHASE I 
In control the chromosomal abnormalities could not be 
observed at telophase I. In treatments also, the frequency of 
abnormalities at telophase I was very low as compared to 
diakinesis, metaphase I and anaphase I. The main abnormalities 
were laggards and bridges. 
i) Laggards 
There were no laggards in control (Plate-5E), In gamma 
rays the frequency was 0#17 per cell only in 40 kR. The frequency 
of laggards ranged from 0,03-0,07 per cell in 2.0-4.0% DES, from 
0.03-0.07 per cell in 1.5-2.0% EMS, 0,03 per cell (constant) in 
0.5-3.5% caffeine, 0,03 per cell (constant) in 2.0-3.5% and 0,07 
per cell in 4.0% thiourea and from 0,03 to 0.10 per cell in 10-
100 ppm 2,4-D (Tables-19-24). The frequency was significant at 
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b% level in 2.0?^  EMS and at \% level in 40 kR gamma rays. In 
other mutagens the occurrence of the laggards was insignificant. 
Caffeine showed irregular effect. 
ii) Frequency of Bridges 
The bridges could not be observed in control(Plate-5E), 
while they were observed in gamma rays,EMS and 2,4-D (Plate-6J). 
In gamma rays the frequency was 0*03 and 0.07 per cell in 30 and 
40 kR respectively (Table-19). The frequency in EMS was 0.03 per 
cell in 1.5 and 2.0?^  concentrations(Table-21) and 0.03, 0,03 and 
0»07 per cell in 60,80 and 100 ppm 2,4-D respectively(Table-24). 
The frequency was significant at 5^ level in 40 kR gamma rays 
and 100 ppm 2,4-D. In DES, caffeine and thiourea the bridges 
were not observed. 
5. ABNORMALITIES AT SECOND MEIQTIC STAGES 
The chromosomal abnormalities at second meiotic stages 
could not be observed in control (Plate-5F,G,H), In treatments 
also the occurrence was rare. However, some of the abnormalities 
at metaphase II were laggards (Plate-11F) and bridges (Plate-6H). 
At anaphase II the chromosomes separated irregularly in some 
cases (Plate-11E), At telophase II laggards (Plate-6K), bridges 
(Plate-6L)3and 5 groups of chromosomes CPlates-6I and 11-G,H,I) 
were observed in the higher concentrations. The occurrence of 
3 or 5 groups of chromosomes was common in gamma rays and the 
frequency was 0.07, 0,13 and 0,27 per cell in 20, 30 and 40 kR 
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respectively, which was significant at b% level in 30 kR and at 
\% level in 40 kR. Moreover, the other abnormalities were 
comparatively rare. 









Plates-5: Meiotic divisions in control, 
Fig.A. Diakinesis - Showing normal rings and rods. 
Fig,B. Metaphase I - Showing normal bivalents, 
Fig.C, Metaphase I - Normal bivalents with 2 univalents. 
Fig.D. Anaphase I - Showing normal separation, 
Fig.E, Telophase 1 - Normal, 
Fig.F. Metaphase II 
Fig.G, Anaphase II (Late) with four groups of chromosomes 
Fig.H. Telophase II - With four groups of chromosomes 
losing their identity. 
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PLATE-5,MEI0TIC DIVISIONS IN CONTROL 
Plate-6; Meiotic abnormalities induced by gamma rays. 
Figs.A-C, Dlakinesis. 
Fig.A. Showing all rod bivalents. 
Fig.B, 9 rod bivalents + 4 univalents. 
Fig,C, 9 rod bivalents + 1 tetravalent rod. 
Fig.D. Metbphase I precocious separation of a bivalent, 
Fig.E. Metaphase I stickiness and unsynchronized moye-
ment of chromosomes. 
Fig.F. Anaphase I unequal separation of 10 + 11 chromo-
somes with 1 laggard. 
Fig.G, Telophase I multiple bridges with fragments. 
Fig.H. Metaphase II stickiness and tendency of a 
laggard foimation. 
Fig.I. Telophase II undifferentiated and sticky chromo-
somes forming 3 groups. 
Fig.J. Telophase I continuous and broken bridges. 
Fig.K. Telophase II showing a laggard 
Fig.L. Telophase II Brfges; with and without frag-
ments. 
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PLATE-6. MEIOTIC ABNORMALITIES INDUCED BY 
GAMMA RAYS 
Plate-7: Meiotic abnormalities at diakinesis in different 
mutagens. 
Fig.A» Diakinesis - 5 ring bivalents + 6 rod bivalents. 
Fig.B, Diakinesis - 3 ring bivalents + 7 rod bivalents + 
2 univalents. 
Fig.C. Diakinesis - 1 ring bivalent + 5 rod bivalents + 
1 trivalent + 7 univalents, 
Fig.D. Diakinesis - 4 rod bivalents + 14 univalents, 
Fig.E. Diakinesis - 1 ring bivalent + 5 rod bivalents + 
10 univalents. 
Fig.F. Diakinesis - 4 ring bivalents + 7 rod bivalents. 
Fig.G. Diakinesis - 4 ring bivalents + 5 rod bivalents + 
1 trivalent + 1 univalent, 
Fig.H. Diakinesis - 2 ring bivalents + 3 rod bivalents + 
12 univalents. 
Fig,I. Diakinesis - 4 ring bivalents + 5 rod bivalents + 
1 quadrivalent + 1 fragment from nuclqpr chromosome. 
Fig,J. Diakinesis - 4 ring bivalents + 5 rod bivalents + 
1 quadrivalent. 
Fig.K. Diakinesis - 3 ring bivalents + 6 rod bivalents + 
1 quadrivalent ring. 
Fig.L. Diakinesis - 7 bivalents + 2 quadrivalent rings. 
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PLATE-7, MEIOTIC ABNORMALITIES AT DIAKINESIS IN DIFFERENT 
MUTAGENS 
Plate-8; Meiotic abnoimalities at Metaphase I in different 
mutagens. 
Fig,A. Metaphase I with 10 loose bivalents (lO"^  rods + 2 ). 
Fig.B. Metaphase I 8 (7 rods +lring) + 6 . 
Fig.C. Metaphase I lO''--^  (rods) + 2^. 
Fig .D, Metaphase I 5 ( rods ) + 12 + 1 small fragment. 
T T 
Fig.E. Metaphase I 11 (l ring + 10 rods) stretching, 
bivalents at late Metaphase I. 
Fig.F. Metaphase I 9 (5 loose bivalents) + 4 . 
Fig.G. Metaphase I 6 + 1 + 7 (unsynchronized movement 
of chromosomes at late Metaphase l). 
Fig.H. Metaphase 1 6 + 1 + 6 + 1 fragment (precocious 
separation of bivalents and stretching). 
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Fig,I. Metaphase 1 9 + 4 (precocious separation of a 
bivalent). 
Fig.J. Metaphase I precocious separation of 3 univalents 
at late Metaphase I. 
Fig.K. Metaphase I stickiness and precocious separation of 
one chromosome on either side. 
Fig.L. Metaphase I precocious separation of a tetravalent 
ring and one rod bivalent. 
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PLATE-e, ME OTIC ABNORMALITIES AT METAPHASE I IN 
DIFFERENT MUTAGENS 
Plate-9: Meiotic abnormalities at Metaphase !• 
Fig»A. Prometaphase showing ring and rod chromosomes. 
Fig.B, Metaphase I stickiness, precocious separation and 
stretching of bivalents, 
Fig.C. Metaphase I precocious separation of univalents on 
either side. 
Fig.D. Metaphase I stickiness leading to precocious sepa-
ration of 3 chromosomes on one side and 1 chromosome 
on the other. 
Fig.E. MetaphasellO (8 rods + 2 ring) + 2 + 1 small frag-
ment. 
Fig.F. Metaphase I. ^^^ (4 rods + 1 ring) + a'^'^^ + 3'^ + 
1 small fragment^ stickiness and precocious 
separation. 
Fig.G. Metaphase I 6-^'^  (3 rods + 3 rings) + ^^'^ + b'^ 
(2 bivalents joined by a thin chromatin thread), 
Fig.H. Metaphase I stickiness, precocious separation of a 
trivalent ring and an univalent, 
Fig.I. Metaphase I 6^^ + a^^'^ + 1^, 
Fig.J. Metaphase I S"^"^  (7 rods + 1 ring) + l"^-'"-'- + 3-'-. 
Fig.K, Metaphase I Accentric late Meataphase I (localized 
to one corner of the cell)* 
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PLATE-9. MEIOTIC ABNORMALITIES AT METAPHASE I 
Plate-10; Meittic abnormalities at Anaphase I. 
Fig.A. Anaphase I, Disoriented chromosomes with unequal 
separation (8 laggards and 2 bivalents towards 
lower side). 
Fig.B. Anaphase I. Chromosomes showing tendency towards 
the formation of laggards. 
Fig.C. Anaphase I. Unequal separation (10 + 1l) with one 
laggard. 
Fig.D. Anaphase I. Irregular separation with 2 bivalents 
still persisting. 
Fig.E. Anaphase I. Unequal separation (lO) + (7 + l"'--'^  + l"'--^-'^), 
Fig.F. Anaphase I. (late) with double bridges. 
Fig.G. Anaphase I (Late) with single broken bridge. 
Fig.H, Anaphase I. Single continuous bridge. 
Fig. I. Anaphase I. Multiple bridges. 
Fig.J. Anaphase I. Multiple bridges (some broken). 
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PLATE-10, MEIOTIC ABNORMALITIES AT ANAPHASE I 
Plate-11s Meiotic abnormalities at Anaphase I and second 
meiotic stages. 
Anaphase X. Bivalent and univalent laggards. 
Anaphase I. Disoriented chroBosomes. 
Anaphase I. Unequal separation of (8 chromosomes + 
l""--^) + (T^chrombsomes + l'^''- + l^ "^ "^ ). 
Metaphase II. Showing abnormal division. 
Metaphase II. With one laggard. 
Unsynchronized division, one group of chromosomes 
at M^^ while other at A^-"". 
Fig.I. T showing 5 group of chromosomes. 
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PLATE-II.MEIOTIC ABNORMALITIES AT ANAPHASE I 
AND SECOND MEIOTIC STAGES 
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POLLEN FERTILITY, STERILITY AND RELATIVE STERILITY 
Pollen character is one of the important stable and 
genetically controlled characters, which may be considered to 
prepare an index to judge the effect of any internal or external 
change in the plants. The relative pollen sterility is a recent 
method to estimate the sensitivities of pollen grains to various 
physical and chemical mutagens on one parameter for comparison. 
In control the pollen grains were generally rectangu-
lar (Plate-12A,B) and sometimes oval-shaped (Plate-12C) with 
prominent exine, intine and cytoplasm. The average pollen 
fertility was 81.42^ (Plate-12A) in control, whereas it decreased 
in physical and chemical mutagens except DES in which it increased 
in the lower concentrations. 
In DES the pollen fertility increased slightly in the 
lower concentrations from 81.42?^ (control) to 81.53/1^  and 81.51^ 
in 0«25 and 0^^% concentrations respectively (Table-17). The 
increased pollen fertility in lower concentrations exhibited 
stimulatory effect (Tables-8,13). Resultantly the sterility was 
lower than control and relative sterility in negative value 
(-0,13 and -0.11). The sterility increased with the further 
increasing concentrations from 19«48-23.39J^ in 1.0-4.0%. The 
maximum relative sterility was 5.90?^  in 4.0Jli DES (Table-17 and 
Plate-12F). 
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The pollen grains showed decrease in fertility with 
the increasing doses of gamma rays and concentrations of EMS, 
caffeine, thiourea and 2,4-D. The sterility increased gradually 
from 18.58?^  (control) to 31.41?^ in 40 kR gamma rays (Plate-12D). 
Besides, some semi-fertile pollen grains were also observed 
(Platc-IIE). 
The sterility increased to 40.47% in 2.0JI^  EMS 
(Table-17). Some sterile pollen grains were smaller in size, 
while in others the cytoplasm was shrunken, divided into two 
halves and detached from the intine (Plate-12G,H). In caffeine 
the sterility increased to 63,8051^  (highest) in 4.0% concentra-
tion (Table-17). Besides sterile pollen grains, the frequency 
of semi-sterile pollen grains was larger (Plate-12I,J). Some-
times the pollen grains were oval-shaped and slightly reduced 
in size showing tendency towards sterility. In thiourea 36.20% 
sterility was observed in 4.0?^  concentration. Sterile pollen 
grains in thiourea showed no peculiarity other than reduced 
size and emptiness. 
2,4-D was the second highest sterility inducing agent 
to induce 41.20% sterility in 100 ppm(Table-17), Sterile pollen 
grains were highly shrunken, reduced in size and deshaped 
(Plate-12K), Besides, the percentage of semi-fertile pollen 
grains was larger (Plate-12L). 
The relative pollen sterility increased from 0,00 
(control) to 15.76% in 40 kR gamma rays, 5.90% in 4.0% DES, 
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26.52^ in 2.0?^  EMS, 55.54J^  in 4.0^ caffeine, 21.64% in 4.0% 
thiourea and 27,78J^  in 100 ppm 2,4-D (Table-17). The maximum 
relative sterility was observed in caffeine followed by BvlS, 
thiourea, 2,4-D, gamma rays and DBS, 
MICRO MUTATIONS 
Studies on the induced genetic variability for some 
of the quantitative characters like number of days required for 
germination, flowering, seed setting and seed ripening etc. were 
studied in different mutagenic treatments. 
i) Germination 
Initiation of germination started 12th day after 
sowing in control whereas in EMS, DES, gamma rays, caffeine, 
thiourea and 2,4-D on 13, 14, 15, 15, 16 and 16th day after 
sowing respectively (Table-33). The germination was complete 
on 32, 33, 37, 39, 45 and 45 days after sowing in DES, caffeine, 
EMS, thiourea, gamma rays and 2,4-D respectively as compared to 
28 days in control. The germination was delayed in 2,4-0, 
thiourea and gamma rays and resultantly the maximum time was 
required for the completion of germination in these mutagens. On 
the other hand it was delayed in caffeine also but the period 
required for complete germination was very less. In DES the 
seeds required least period for completion of germination. In an 
isolated case in DES one seed germinated 56th day after sowing. 
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ii) Flowering 
The onset of flowering was observed on 72 days after 
sowing in control. In gadEmaa rays, DES, EMS, caffeine, thiourea 
and 2,4-D the onsets of flowering was observed on approximately 
98, 89, 92, 133, 111 and 95 days after sowing respectively. The 
flowering in maximum number of plants in gamma rays, DES, EMS, 
caffeine, thiourea and 2,4-D was observed approximately on 122, 
133, 143, 151, 130 and 129 days respectively as compared to 97 
days in control (Table-33). 
The duration required between completion of germina-
tion and onset of flowering was 100 days in caffeine followed by 
72 days in thiourea, 60 days in 2,4-D, 57 days in DES, 55 days 
in EMS and 53 days in gamma rays as compared to 46 days in 
control. It revealed that maximum time for the onset of flower-
ing was taken in caffeine, but the flowering period in caffeine 
lasted 18 days (minimum) and 51 days in EMS (maximum). Rarely, 
in EMS and 2,4-D the flowering continued upto 83 and 48 days 
respectively. 
iii) Seed Setting 
The seed setting started 140 days after sowing in 
control whereas in gamma rays, DES, EMS, caffeine, thiourea and 
2,4-D approximately after 145, 156, 190, 146, 162 and 150 days 
respectively. It required approximately 47, 67, 98, 13, 51 and 
55 days after the onset of flowering in gamma rays, DES, EMS, 
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caffeine, thiourea and 2,4-D respectively as compared to 65 days 
in control (Table-33). The seed setting was delayed in DES and 
EMS. In gamma rays, caffeine, thiourea and 2,4-D the seed 
setting required lesser period than control. The seed setting 
in maximum number of treated plants was recorded approximately 
153, 165, 196, 172, 193 and 168 days after sowing in gamma rays, 
DES, EMS, caffeine, thiourea and 2,4-D respectively as compared 
to 155 days in control (Table-33). 
iv) Seed ripening 
The seeds required 100 days for ripening in control 
and 77, 102, 103, 66, 84 and 95 days in gamma rays, DES, EMS, 
caffeine, thiourea and 2,4-D respectively (Table-33), The whole 
life span (time required from seed sowing to seed ripening) was 
approiciraately 175 days in control, 175 days in gamma rays, 191 
days in DES, 195 days in EMS, 199 days in caffeine, 195 days in 
thiourea and 190 days in 2,4-p, It revealed that the treated 
plants required more time than control, while in gamma rays it 
was equal to control. 


Plate-12s Pollen shape, fertility and sterility. 
Fig,A, Normal pollen grains (lO x 10). 
Fig.B,C. Normal pollen grains magnified (10 x lOO), 
Fig.D. Fertile and sterile pollen grains in gamma rays, 
Fig.E. Semi-fertile and sterile pollen grains in gamma 
rays. 
Fig.F. Pollen grains showing decreased sterility in DES. 
Fig.G. Pollen grains with shrunked and divided cytoplasm 
in EMS. 
Fig.H. Magnified pollen grain showing shrinkage and 
cytoplasm divided in two parts and detached from inlin* 
(EMS)-
Fig,I. Fertile and sterile pollen grains in caffeine. 
Fig»J, Fertile and sterile pollen grains showing increased 
sterility in caffeine. 
Fig.K. Highly shrunken and deshaped sterile and normal 
fertile pollen grains in 2,4-D. 
Fig,L. Semi-sterile and sterile pollen grains in 2,4-D. 
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PLATE-12, POLLEN SHAPE, FERTILITY AND STERILITY IN 
DIFFERENT MUTAGENS 
s 76 ; 
YIELD AND PLANT STERILITY 
The yield in control and treated plants was estimated 
by the output of seeds per inflorescence and per plant. 
YIELD PER INFLORESCENCE 
In control the average output was 1470 seeds per 
inflorescence. In gamma rays the output per inflorescence 
increased to 1600 seeds in 5 kR while it decreased to 1521, 
1050, 1026 and 986 seeds per infloresence in 10, 20, 30 and 
40 kR respectively (Table-35), The output of seeds per inflore-
scence increased in the lower concentrations of DES and 2,4-D 
also. In DES the output increased to 2068 and 2067 seeds per 
inflorescence in 0*25-1.00% concentrations. In further increas-
ing concentrations (1.5-4.0^) the output decreased to 1032 seeds 
per inflorescence (Table-35). In 2,4-D the output per inflore-
scence increased to 1599 seeds in 10 ppm as compared to control 
and decreased to 650 seeds in 100 ppm (Table-35), 
In EMS, caffeine and thiourea the average number of 
seeds per inflorescence decreased linearly with the increasing 
concentrations. The output per inflorescence decreased from 1470 
(control) to 240 seeds in 2.0^ EMS, 484 seeds in 4,0% caffeine 
and 483 seeds in 4,0% thiourea (Table-35). Although the number 
of seeds per inflorescence increased in 0«25% EMS and caffeine, 
but the number of inflorescence per plant was lesser than control. 
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YIELD PER PLANT 
In control the average output (yield) was 82320 seeds 
per plant. The output increased in the lower doses of gamma 
rays and lower concentrations of DES and 2,4-D, similar to that 
of per inflorescence. 
In gamma rays the output increased to 110400 and 83655 
seeds per plant in 5 and 10 kR respectively. In highest dose 
(40 kR) the output decreased to 47328 seeds per plant(Table-35). 
In 0«25?^  DES the output increased to 95218 seeds per plant and 
decreased gradually to 11352 seeds in 4.0% concentration 
(Table-35). In 2,4-D also, the output increased to 131119 and 
115440 seeds per plant in 10 and 20 ppm concentrations respect-
ively and decreased gradually in higher concentrations (100 ppm) 
to 20800 seeds per plant (Table-35). 
EMS, caffeine and thiourea showed linearly decreasing 
yield with the increasing concentrations. The output per plant 
decreased gradually from 67445-1440 seeds in 0,25-2.00% E^ lS, 
64584-9196 seeds in 0.25-4.00?^ caffeine, 44100-8694 seeds in 
0«25-4.00?^ thiourea (Table-35). "^^ "'''' 
PLANT STERILITY 
"^*^ .. 
In control plant the sterility was"''^ tt*'iftCo0), while 
in treated plants the sterility was -34.11% and -1.62% in 5 and 
10 kR gamma rays respectively, -15.66% in 0.25% DES, -59.27% and 
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-40,23?^ in 10 and 20 ppm 2,4-D respectively (Table-35). The 
sterility in negative direction was due to the increased yield 
(over control) in these concentrations of mutagens. In higher 
concentrations the plant sterility was 38,77-42.50% in 20-40 kR 
ganuna rays, 12.82-86.20% in 0.5-4,0% DES and 23.40-74.737.in 
40-100 ppm 2,4-D (Table-35). 
In other mutagens the plant sterility increased from 
18.06-98.25% in 0.25-2.00% EMS, 21.54-88.42Un 0.25-4.00% 
caffeine and 46.42-89.43% in 0.25-4.00% thiourea (Table-35). 
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POLYPLOIDY 
Polyploidy is the best known evolutionary process and 
most rapid method known of producing radially different but 
vigorous and well adapted genotype. Polyploids produced with 
the help of colchicine possess economically desirable qualities. 
Keeping these points in view the seedlings were treated with 
0,25^  aqueous solution of colchicine in the present investiga-
tion. 
Out of 25 treated seedlings 3 colchiploids were 
obtained (Plate-15E,F,G). They showed marked effect in the 
beginning but later on grew normally. Treated seedlings exhibi-
ted primary effect of colchicine on leaves just coming out after 
the treatment. The leaves were thick, leathery, dark green and 
bigger with greater shining particularly on the upper surface 
(Plate-15A,B,C). Polyploid plants were detected by the : 
1) general morphological features of the leaves and flowers, 
2) number of stomata per unit area and size of the stomata, 
3) size and fertility of pollen grains, and 
4) Cytological studies, 
MORPHOLOGY 
Due to inunediate effect of colchicine normal growth 
was suppressed which gave the plants a stunted look, but later 
the growth was normal. Out of 3 colchiploids, two exhibited an 
s 80 : 
increase in the size of some vegetative and reproductive parts 
over the diploid (Plate-15D,E,F), whereas the third plant was 
inferior to diploid (control) (Plate-15D,G). The colchipioids 
had slightly thicker and shorter internodes. The superior 
colchipioids were healthier with increased height and number of 
branches (Table-37; Plate-15D,E,F). The leaves were larger in 
size and had much thicker dark green lamina with increased 
length of petiole (Table-37), 
In the inferior colchiploid the height, number of 
branches and size of leaves were lesser than control (Table-37; 
Plate-15D,F). 
The number of stomata per unit area in the two supe-
rior colchipioids was lesser than control. The length and 
breadth of guard cells were greater resulting into the increased 
size of stomatal aperture. Although the size of epidermal cells 
was not measured but the stomatal studies were sufficient to 
support that reduced number of stomata per unit area was due to 
the increased size of stomata which might have been accompanied 
with the increased size of epidermal cells. 
In the inferior colchiploid, reduced size of stomata 
and stomatal aperture and increased number of stomata per unit 
area showed the adverse effect of colchicine in negative 
direction. 
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The flowering in all the three colchiploids startea 
later than control probably due to timely stunted growth. The 
floral characters like total number of inflorescences (compound 
umbel)y number of umbels per inflorescence, number of flowers 
per xu&bel and seed set per umbel were greater and superior in 
the two superior colchiploids (Table-37; Plate-15E,F), but 
lesser and inferior in the inferior colchiploid (Table-37; 
Plate-15G) as compared to diploid (Table-37; Plate-15D). More-
over in the inferior colchiploid some inflorescences were totally 
sterile alongwith some sterile umbels in other inflorescences 
also. The length of seeds of colchiploids showed remarkable 
difference, as they were bigger in two superior (Plate-15M,N) ana 
smaller in the (third) inferior colchiploid (Plate-150) than 
diploid (Plate-15L). In addition, difference in their colours 
was also observed, 
CYTOLOGY 
Cytology is the ultimate character which confirms and 
supports the other findings of tetraploids. Meiotic studies 
showed 2n = 22 chromosomes in diploid (Plate-16A-C) and 2n = 44 
chromosomes in colchiploids both at diakinesis and metaphase I 
(Plate-I6l>-F). At diakinesis, the average chiasma frequency in 
colchiploid was 31.6 per cell and 1,41 per bivalent which is 
significantly lower than that of control (21.53 per cell and 
1.96 per bivalent). Generally the chromosomes were difficult to 
count at diakinesis due to the smaller size of cells and chrorao-
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somes. Moreover in the tetraploids the rings were not clearly 
separate from each other due to doubled number it'la.te-)6i)), In 
some cells the frequency of rings decreased to 4, the rests 
being rod bivalents and univalents. 
At metaphase I varying numbers of univalents, 
bivalents, trivalents and quadrivalents were observed (Plate-16E) 
The univalents ranged from 1-13 (Plate-16E) or even uptc 30 in 
few cells. Both rod and ring types of bivalents were present at 
metaphase I. The average number of rings per cell was higher in 
tetraploids. The trivalents ranged from 0-3 (Plate-16E) and 
quadrivalents 0-5 in some cells. The normal configurations were 
20 + 4 and 18 + 8 . Sometimes the number of bivalents 
decreased to 14 in a cell. The configuration with trivalent 
formation was 1 + 14 + 13 (Plate-16E). The chromosomal 
associations higher than quadrivalents could not be observed in 
any pollen mother cell. 
Anaphase I was fairly regular (Plate-16F) with very 
few irregularities like laggards (0-1%). Generally the laggards 
and chromosomal bridges were not seen. However, 20.0/& of the 
pollen mother cells showed unequal disjunction of chromosomes 
while 80.0% showed normal disjunction of 22 chromosomes in the 
two superior tetraploids. The third (inferior) tetrapioid showed 
slightly more irregularities like laggards and unequal divisions. 
Telophase I and all the second meiotic divisions were fairly 
regular. 
The pollen fertility decreased in tetraploios 
(Table-37), The size of the pollen grains increased in two 
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superior tetraploids (Plate-15I,J) over control (Plate-15H). On 
the other hand the fertility and size of the pollen grains 
decreased more significantly in the inferior tetraploid (Plate-
15K) alongwith the decreased size of the plants (Plate-15G). The 
pollen grains of diploids were of uniform size, regularly out 
lined and dark stained, but in tetraploids the sterile pollen 
grains were unstained, shrunken and deshaped (Plate-15H,I,J). In 
the inferior tetraploid the sterile pollen grains were highly 
reduced in size (Plate-15K), The pollen grains which were 
lightly or partially stained and smaller than normal were consi-
dered semi-sterile. 
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Plate-15: Morphological charactaxs of colchiploids, 
Fig.A-C. Thick, leathery and dark green leaves shwoing 
primary effect of colchicine. 
Fig.D. Control diploid plant, 
Fig,E,F. Superior colchiploids with increased height, number of 
branches and inflorescences. 
Fig.G, Inferior colchiploid with decreased height, lesser 
number of branches and inflorescences. 
Fig.H, Pollen grains of diploid. 
Figs.I,J. Pollen grains of two superior colchiploids showing 
slight increased size over control, but decreased 
fertility. 
Fig.K. Pollen grains of inferior colchiploid showing 
decreased size and increased sterility, 
Fig8.M,N. Seeds of superior colchiploids showing increased 
size than diploid, 
Fig.O. Seeds of inferior colchiploid showing decreased 
size. 
Fig.L, Seeds of diploid. 
PLATE-15, MORPHOLOGICAL CHARACTERS OF COLCHIPLOIDS 
Piate-I6j Meiotic studies of colchipleiois. 
Figs.A-C. Diakinesis, Metaphase I and Anaphase I in diploids. 
Fig,D. Diakinesis, doubled but incountable chromosomes. 
Fig.E. Metaphase I showing bivalents, univalents and 
trivalents l"""^^ + 14^^ + 13-^ . 
Fig.F. Anaphase I showing separation of 22 chromosomes 
towards either pole. 
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PLATE-16, MEIOTIC STUDIES OF COLCHIPLOIDS 
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OBSERVATIONS IN M2 GENERATION 
The seeds of all the treated plants of M. were collec-
ted and sown in M^ generation. In addition, the seeds of plants 
showing important morphological variations were also collected 
and sown for M^ studies. The parameters of the study were same 
as in M.. 
SEED GERMINATION 
The germination percentage in treated populations on 
15th and 20th day was lower than control (Table-1-6), The 
germination percentage (93,5^) on 30th day in control of Mg 
generation was approximately equal to that of M^. 
The germination percentage decreased in M2 generation 
also from 93.5 (control) to 89,0 in 40 kR gamma rays, 89,5 in 
4.05^  DES, 85,5 in 2.0J|{ EMS, 72.0 in 4.0J^  caffeine, 85.0 in 4.0?^  
thiourea and 84.5 in 100 ppm 2,4-D concentrations (Table-1-6), 
It revealed that decrease in M^ generation was significant in 
some mutagens while insignificant in others as compared to 
control. However, in M^ generation the decrease was significant 
in all the mutagens, 
SEEDLING GROWTH 
Height of the seedlimgs was measured on 20th and 30th 
day after sowing. The height on 20th day was 2.88 cm in control 
t 85 J 
and decreased linearly t© 2.76 cm in 40 kR gamma rays, 1,80 cm 
in 4.0J^  DES, 2.79 cm la 2.0Jli EMS, 2.23 cm in 4.0?^  caffeine, 
2.25 en in 4.0Jli thiourea and 1.91 cm in 100 ppra 2,4-D treatments 
(Tables-7-12). The average height of control seedlings on 30th 
day was 3.80 cm. In gamma rays the average height was 3.81, 
3.63, 3.53, 3.28 and 3.09 cm in 5, 10, 20, 30 and 40 kR respect-
ively (Table-7). In lower dose (5 kR) the height of the seed-
lings was almost equal to control. In 0.25 and 0.5^ DES the 
average height increased to 3.89 and 3.84 cm respectively, while 
in 1.0 and U5% the height remained equal to control (3.80 cm). 
In 2.0-4.0JI^  concentrations the height decreased from 3.78-3.35 cm 
(Table-8). 
In EMS, caffeine and thiourea the height decreased 
from 3,80 cm (control) to 3.47, 2.71 and 2.52 cm respectively 
in the highest concentrations (Tables-9,10,1l), 2,4-D also 
showed slight enhancing effect as the seedling height increased 
to 3.83 an over control in 10 ppn, while in 20-100 ppm it 
decreased from 3.43-2.12 cm (Tableh-12). Although the height 
decreased in higher concentrations but was not linearly related 
to the increasing concentrations, Infact, they exhibited 
irregular effect of the mutagens. 
The injury percentage was very low in M2 generation. 
In control the injury percentage was mil. It ranged from -0.26 
to 18,68^ in 5-40 kR gamma rays, -2.37-11.84% in 0,25-4.0J^  DES, 
1.31-8.683S in 0.25-2.O^ i EMS, 19,47-28,68J^ in 0,25-4.OJt caffeine. 
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10.79-33,68Jii in ©•25-4.0Jli thiourea and -0.79-44.21J^ in 10-100 
ppm 2,4-D treatments (Tables-7-12). Overall, the maximum injury 
percentage was observed to be 44.213^ in 100 ppm 2,4-D followed 
by 38.683^  in 3.5^ thiourea, 28.68% in 4.0?^  caffeine, 18.68% in 
40 kR gamma rays, 14.74% in 1.5% EMS and 11.84% in 4.0% DES 
(Tables-12,11,10,7,9 and 8). 
Generally the growth between 20 to 30 days after sow-
ing in control and lower concentrations of mutagens is compara-
tively higher than that in higher concentrations but DES showed 
the least effect on growth as it was independent of the concent-
rations throughout (Tables-7-12). 
MORPHOLOGICAL MUTATIONS IN SEEDLINGS 
In M2 generation the abnormalities at seedling stage 
were observed only in those seedlings which were raised from 
the seeds of selected variants of M. generation. The seedlings 
showed a large number of segregations and majority of them 
exhibited the characters similar to those of control. Some seed-
lings inherited the characters similar to M. and were selected 
as mutants. 
The mutants were isolated mainly on the basis of 
habit of the seedlings and leaf morphology. The frequency of 
morphological variations in control seedlings was almost nil. 
In gamma rays the frequency of mutants was 1.07, 2.70, 3.84 and 
7.30% in 10, 20, 30 and 40 kR respectively(Table-31). The range 
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of mutant seedlings in other mutagens was 0.57-3.91^ in 0.5-4.0^ 
DES, 0.54-7.015^ in O,25-2.0^ EMS, 0,00-2.88^ in 0.25-4.0% 
caffeine, 0.00-1.75^ in 0.25-4.OJIi thiourea and 0.00-4.73?^ in 10-
100 ppm 2,4-D concentrations (Table-3l). The frequency of 
mutants was maximum in gamma rays followed by EMS, 2,4-D, DES, 
caffeine and thiourea, but they were lower than M. generation. 
MORPHOLOGICAL MUTATIONS IN MATURE PLANTS 
Control plants showed no morphological variations with 
an average height of 91.14 en (Plate-13A). The mutants showed 
different heights and morphological characters. In higher doses 
of gamma rays (30 kR) some of the plants were woody and hard and 
exhibited dwarf character with increased number of branches over 
control (Plates-13B; Table-18B), while some others showed 
reduced number of branches (Plate-13C; Table-18C). In 40 kR 
gamma rays a dwarf mutant with weak stem and significantly 
lesser number of branches was obtained (Plate-13D; Table-18D). 
In 2.0?^  DES the mutant showed significantly increased height, 
number of branches and increased number of umbels per inflore-
scence giving the appearance of a bush (Plate-13E; Table-18E), 
while in 4,0^ the plants were taller and healthier but with 
decreased number of branches than in 2.0J^  (Plate-13F,G; Table-
18F,G). 
Mutants obtained in EMS iU5%) were weak having lesser 
number of branches. The number of flowers per inflorescence was 
: 88 : 
more than control but the seed set was equal to control (Plate-
13H; Table-18H). In 2.0?^  EMS the mutant exhibited increased 
height, number of branches, size of leaves and flowers per umbel 
over control but the stem and branches were weaker (Plate-131; 
Table-18l). 
In caffeine (3.0^) out of many mutants obtained, one 
exhibited lesser number of branches with bigger and elongated 
leaves which were present in clusters at the nodes (Plate-14J; 
Table-18J). One of the mutants obtained in thiourea (2.0%) was 
bushy, dwarf with hard stem and large number of small branches 
arising just above the ground (Plate-14K,L; Table-18K,L). The 
other mutant obtained in 3.0^ was also dwarf with profuse and 
small branches and decreased number of leaves as compared to 
control CPlate-14M; Table-18M), 
In 2,4-D a large number of mutants were obtained 
which showed varied and interesting characters. In 20 ppm a 
mutant exhibited increased height and number of umbels per 
inflorescence. The branches were healthier but lesser in number 
and the leaves smaller than control (Plate-14N; Table-18N). The 
other mutant was dwarf with woody and hard stem ana increased 
number of small branches. The number of umbels per inflore-
scence and seeds per umbel were lesser than control while the 
flowers per umbel were more (Plate-14e; Table-180), In 30 ppm 
some mutants showed semi-erect habit with decreased height and 
number of branches (Plate-14P; Table-18P), while the others 
: 89 : 
exhibited significantly lesser number of smaller leaves,branches, 
lower seed setting and pollen fertility and a tendency towards 
twining habit (Plate-14Q; Table-18Q). In 40 ppm the mutant 
showed still reduced number of branches and height. The flowerin 
and seed setting was delayed in such mutants (Plate-14R; Tabl 
c 
e-
18R), 
FREQUENCY OF MUTATIONS 
The mutants obtained in different mutagens were isola-
ted on the basis of morphological characters in M^ generation 
(Plates-13,14; Table-18). 
The frequency of mutants in gamma rays was 0,60, 1.88, 
3.47 and 6,55% in 10, 20, 30 and 40 kR doses respectively 
(Table-^ ). In DES the frequency increased to 0,57, 0.54, 1.08, 
2.14, 2.50, 3.17, 3.25 and 2.97% in 0.5, 1.0, 1.5, 2.0, 2.5, 
3.0, 3.5 and 4.0% concentrations respectively (Table-^ ). The 
mutants were obtained even in the lowest concentration of BAS 
and the frequency was 0«64, 1.32, 4.08, 4.41 and 5.60 in 0.25, 
0,5, 1.0, 1.5 and 2.0% concentrations respectively (Table-gl ). 
In caffeine and thiourea the frequency of mutants was compara-
tively lower than the others. In caffeine the mutation frequency 
was 0.80, 0,95, 0.90, 1.88, 2.02, 2.88 and 2.08% in 1.0, 1.5, 
2.0, 2.5, 3.0, 3.5 and 4.0% concentrations respectively. Thiourea 
gave 0.55, 0,54, 0.56, 1.11, 1.12, 1.14 and 1.17% mutants in 1.0, 
1.5, 2.0, 2.5, 3.0, 3.5 and 4.0% concentrations respectively 
; 90 : 
(Table-51 )• In 2,4-D the frequency of mutations was 0,63, 0,68, 
1.45, 3.10 and 4.51J^  ia 20, 40, 60, 80 at\6 100 ppm respectively 
(Tabled ). 
The frequency of autations in M^ generation was 
highest in gamma rays followed by EMS, 2,4-D, DES, caffeine 
and thiourea, 
HEIGHT. INJURY AND SURVIVAL PERCENTAGE OF jyiATURE PLANTS 
i) Height 
The average height of mature plants was measured to 
be 91.14 cm which is nearly equal to that of M. generation. In 
gamma rays the height decreased from 91.03-73.53 cm in 5-40 kR 
(Table-13). It decreased from 90,26-84.73 cm in 0*25-4.0% DES 
(Table-13), 90,86-89.13 cm in 0.25-2.OJli EhAS (Table-14), 90.33-
89,60 cm in 0.25-4.0Jli caffeine CTable-14), 90,60-89.47 cm in 
0.25-4.0^ thiourea (Table-15) and 90.33-78,33 cm in 10-100 ppm 
2,4-D (Table-15). The reduction in average height was insigni-
ficant in all the treatments, particularly in EMS and 2,4-D. 
ii) Inlorv and Survival Percentages 
The injury percentage in control was nil (0,00). It 
increased with the increasing doses of gamma rays from 0.12-
19.32?^  in 5-4© kR (Table-13), 0,97-7.03 in 0.25-4.00?^ DES 
(Table-13), 0.30-2.20 in 0,25-2,00^ EMS (Table-M), 0.88-1.69 
(irregularly) in 0.25-4.00?^ caffeine (Table-14), 0,59-1.83 in 
: 91 
0.25-4.00Jli thiourea (Table-15) and 0,88-14.05 in 10-100 ppm 
2,4-D treatments (Table-15). 
Although the injury percentage increased with the 
increasing concentrations of aautagens the increase was not 
significant. It was considerably lower than M. generation and 
exhibited that the effect of mutagens ceased to a greater 
extent in M^. 
The maximum survival percentage of M^ mature plants 
was 93.58 in control. It decreased with the increasing concent-
rations of all the mutagens. The maximum survival percentage in 
the highest concentrations of mutagens was 75,15 in 100 ppm 
2,4-D (Table-15) followed by 73.01 in 2,0% EMS (Table-14), 72,02 
in 4.0JI^  caffeine (Table-14), 68,72 in 40 kR gamma rays (Table-13), 
67,06 in 4,0^ 1^  thiourea (Table-15) and 66.42 in 4,0% DES(Table-13). 
In the lower concentrations the injury and survival percentage 
did not show marked difference. Moreover, the plant height 
exhibited significant recovery as compared to M. generation. 
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Plate-t3s Morphological mutants in M^ generation. 
Fig.A. Control plant. 
Fig.B, Dwarf mutant with woody stem and increased number 
of branches (30 kR gamma rays), 
Fig.C. Mutant showing decreased height, weak stem, lesser 
number of branches and flowers (30 kR gamma rays). 
Fig.D. Dwarf mutant with significantly lesser number of 
of branches and leaves (40 kR gamma rays). 
Fig.E. Mutant with significantly increased height, number 
of branches, inflorescences and flowers per 
inflorescence (2.0?^  DBS), 
Fig.F,G, ilaiiet and healthier plants with lesser but healthy 
branches (4.051^  DES). 
Fig.H. Tall but weak mutant with lesser branches (1.5% EMS), 
Fig,I, Tall mutant with increased number of branches, 
size of leaves and flowers but the stem and branches 
weaker (2.0% EMS). 
PLATE-1J, SOME OF THE MORPHOLOGICAL 
MUTANTS IN M2 GENERATION 
Plate-14: Morphological mutants in M2 generation. 
Fig,J« Hard and woody plant. The leaves present in 
clusters at the nodes (3.0^ ^ caffeine), 
Fig#K,L. Bushy dwarf mutant with hard stem and large number 
of branches arising just above the ground (2.0^ 
thiourea), 
Fig.M. Dwarf mutant with increased number of small 
branches, leaves and increased size of inflorescence 
(3.0?^  thiourea), 
Fig.N. Mutant showing increased height and number of 
umbel per inflorescence. Healthy but lesser branches 
and smaller leaves (20 ppm 2,4-D). 
Fig.O, Dwarf mutant with hard and woody stem, increased 
number of branches and inflorescences (20 ppm 2,4-D), 
Fig,P, Semi-erect mutant with decreased height, number of 
branches and leaves, 
Fig,Q, Semi-erect mutant with weak and lesser branches, 
Fig.R, Mutant showing significantly reduced height, 
number of branches and inflorescences. 
P u A T E - 1 4 , bOME OF THE MORPHOLOGICAL 
MJTANTb IN M2 (FENERATION 
! 92 : 
AiEIOTIC STUDIES 
Cytological analysis in M^ generation was done from 
the plants raised from the seeds of selected plants of M. gene-
ration, which had shown significant variations in morphology 
and cytology. In M^ generation the treated population showed 
less variations as compared to M^ except some selected plants 
which may be called true mutants. The parameters of the 
cytological analysis were the same as in M^, 
1. ABNORMALITIES AT DIAKINESIS 
i) Chiasma Frequency 
The frequency of chiasma was 21,43 per cell in control 
(maximum). It decreased gradually to 18.93, 18.67, 17.33, 16.87 
and 15.60 per cell in 5, 10, 20, 30 and 40 kR gamma rays respect-
ively (Table-25). In DES the frequency decreased to 20.93,20.67, 
20.57, 20.57, 20.43, 20.20, 19*80, 19.63 and 19.53 in 0.25, 0.5, 
1,0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0^ concentrations respectively 
(Table-26). In EMS the frequency decreased to 19.80, 18.63, 
18.50, 18.37 and 18.30 per cell in 0.25, 0.5, 1.0, 1.5 and 2.0J^  
concentrations respectively (Table-27). In caffeine the decrease 
was 20.30, 20.10, 18.57, 17.77, 17,67, 17.73, 17.77, 17.67 and 
17.80 per cell in 0.25, 0.5, 1,0, 1,5, 2.0, 2.5, 3,0, 3.5 and 
4.0?^  concentrations respectively. The chiasma frequency showed 
slight recovery at higher concentrations even though it was 
significant at ^% level in 0.25^ caffeine and onwards(Table-28). 
: 93 ; 
In thiourea the frequency decreased to 20,73, 18,67, 
18,20, 17,00, 16.73, 16.57, 16.13, 15.80 and 15.37 in 0.25, 0.5, 
1.0, 1.5, 2.0, 2.5, 3,0, 3,5 and 4.05^  respectively (Table-29), 
The frequency of chiasma in 2,4-D decreased to 21.00, 20.40, 
20.10, 17.87, 16.70 and 16.53 per cell in 10, 20, 40, 60, 80 and 
100 ppm respectively (Table-30). 
The decrease in the per cell frequency of chiasma was 
significant at 5^ level in 1.5-2.0Jli DES and 40 ppm 2,4~D and 
significant at \% level in 5-40 kR gamma rays, 2.5-4.0^ DES, 
0.25-2.0^ EMS, 0*25-4.0^ caffeine, 0»5-4.0^ thiourea and 60-100 
ppm 2,4-D (Tables-25-30). 
Similarly the frequency of chiasma per bivalent showed 
the same pattern. The maximum frequency per bivalent in control 
was 1.94, whereas in highest concentrations of gamma rays, DES, 
EA4S, caffeine, thiourea and 2,4-D the minimum frequency was 
1.42, 1.77, 1.66, 1.61, 1.39 and 1.50 per bivalent respectively 
(Tables-25-30). 
ii) Multiiralents 
Multivalents could not be observed in any of the 
treatment, while in M. generation their frequency was signifi-
cant. 
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iii) Univalents 
Considerable frequency of univalents per cell was 
observed in M^ also. Although lower than M^, the frequency 
was significant in some mutagens. 
Univalents were absent in control. In gamma rays the 
minimum frequency was 0.07 per cell in 10 kR and increased 
gradually to 0*47 per cell in 40 kR (Table-25). In DES the 
univalents increased from 0.13-0»53 per cell in 0.5-2.5% 
(optimiom dose). There was gradual decrease in the frequency from 
0.33-0.27 per cell in 3.0-4.0Ji DES (Table-26). In EAAS the fre-
quency of univalents increased from 0.13-0*27 per ceil in 1.0-
2,0JIB concentrations (Table-27). Caffeine showed most irregular 
results even in M^. The frequency of univalents was 0.07-0.13 
per cell (irregular effect) in 1.5-4.0?^  concentrations (Table-28). 
The frequency of univalents remained independent of the concent-
rations of caffeine. In thiourea the frequency increased fro« 
O.03-2.O per cell in I.S-S.OJI^  and then decreased to 0.13 per ceil 
in 3.5^ and 4.0JI9 concentrations (Table-29). The minimum frequency 
of univalents in 2,4-D was 0.07 per cell in 20 ppm and increased 
gradually with the increasing concentrations to 0,33 per ceil in 
100 ppm (Table-30). 
The frequency of univalents per cell was significant at 
5^ level in 3.0-3.5^ DES, 3.0Jt thiourea and 60-80 ppm 2,4-D and 
significant at ^% level in 5-40 kR gamma rays, 2.5% DES, 0.25-4.0% 
EMS and 100 ppm 2,4-D. Caffeine showed insignificant results. 
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2. ABNORMALITIES AT METAPHASE I 
i) Frequency of Ring BivaleRts Per Ceil 
The frequency of ring bivaients in control was very 
low (0*03 per cell) but varied in different treatments. It 
ranged between 0,03 (control) to 0*17 per cell in 40 kR gamma 
rays (Table-25), In DES the frequency increased to 0,37 per 
cell in 2.0% then decreased to ©•30 in 4.0?^  concentration 
(Table-26), In EMS and caffeinie the maximum frequency was 0,17 
per cell in 2,0?^  and 0»10 per cell in 4.0% respectively(Tables-
27,28). In thiourea it increased t© 0«10 per cell in 2.5%, 
then decreased to 0,07 per cell in 3.0-4.0% (Table-29). In 
2,4-D it increased gradually to 0«27 per cell in 0-100 ppm 
CTable-30). 
The per cell frequency of ring bivaients was signifi-
cant at 5% level in 40 kR gamma rays, 1.5-4.0% DES, 2.0% BviS and 
80-100 ppm 2,4-D. In thiourea the frequency of ring oivalents 
was insignificant, 
ii) Frequency of Rod Bivaients 
The maximum frequency of rod bivaients in control was 
10,93 per cell. It decreased to 10,73 per cell in 40 kR gamma 
rays (Table-25). In DES the frequency decreased significantly to 
10,53, 10.47 and 10,43 per cell in 1.0, 1.5 and 2.0% concentra-
tions respectively and then increased to 10.47 per cell in 4.0% 
(Table-26), The frequency decreased linearly to 10,60 and 10,37 
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per ceil in 2.0?^  EMS and 100 ppm 2,4-D respectiveiy (Tabies-
27,30). In ^,0% caffeine it decreased to 10,67 per cell and 
then started increasing from 1.5-4,0^ concentrations(Table-28). 
However, the increase was irregular in caffeine. Similar 
results were obtained in thiourea in which the frequency decrea-
sed gradually to 10,80 per cell in 2.0?^  and then remained more 
or less constant in 2.5-4,0Jli concentrations (Table-29). 
The decrease in the per cell frequency of rod bivalents 
was significant at 5^ level in 40 kR gamma rays, 1.0, 1.5 and 
2,^% DES, 1.0-1,5% caffeine and 100 ppm 2,4-D and significant at 
151^  level in 2.05^  DES and 2»0%BAS concentrations. No significant 
decrease was observed in thiourea. 
iii) Univalents 
The average frequency of univalents in control was 
0,03 per cell at metaphase I, It ranged between 0.07-0,47 per 
cell in 10-40 kR gamma rays (Table-25), 0.13*-0,47 per cell in 
0.25-4.00% DES (Table-26), 0* 07-0*47 per cell in 0*25-2.00% EiVlS 
(Table-27), 0,07-0,47 per cell in 0.25-1.00% caffeine(Table-28), 
0.07-0.13 per cell in 0.25-2.5% thiourea (Table-29) and 0,13-
0.73 per cell in 10-100 ppm 2,4-D concentrations (Table-30). The 
maximum frequency of univalents was 0,47 per cell in most of the 
treatments. It revealed that the cells ceased to produce more 
than 0,47 univalents per cell in the present observations, 
because the frequency of univalents in 1.0% caffeine and 2.5% 
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thioitcea(optim\ara c ncentrat ions) was 0.47 and 0.13 per c e l l 
respec t ive ly and showed decreasing trend in fu r ther iricreasing 
concentrat ions ('Dable-28, 29) , 
Ihe increase in the per c e l l frequency of univalents 
was s i gn i f i c an t a t 5% leve l in 2.0% EMS, 1,5% caffeine and 100 
ppm 2,4-D and s ign i f i can t a t 1% level in 1.0% caffe ine . I t was 
in s ign i f i can t in gamma rays* DES and th iourea . 
iv) Precocious Separation of Chromosomes 
Precocious separation of chromosomes could not be 
observed in con t ro l . Ihe h i ^ e s t frequency of precocious sepa-
ra t ion of chromosomes was 0,13 per c e l l in 4,0% DLS/ 0.10 per 
c e l l in 1.0% caffeine (ajables-26, 28) and 0.07 per c e l l in 2.0% 
EMS ( iable-27) , Increase in the frequency was s ign i f i can t a t 
5% level in EMS only, ']he frequency of precocious separation 
was 0.03-0,07 per c e l l in 20-40 kR gamma rays (TaDle-25) / 
0,07-0,13 per c e l l in 1.0-3.5% thiourea ('l&ble-29) and 0.07-0.10 
per ce l l in 60-100 ppm 2/4-D (Table-30) bu t was in s ign i f i can t 
in these mutagens, 
V) St ickiness 
S t ick iness of the chromosomes was not found in any 
mutagen in M^  generation. 
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3. ABNORMALITIES AT AHAPHASE I 
The coBBnon abnoimalities at anaphase I were laggards, 
bridges, stretching of chromatin aaterial and unequal separation 
but their frequency was lower as compared to M^ generation, 
i) Laggards 
Laggards could not be observed in control (Table-25). 
In the treatments the frequency ranged from 0,03-0,07 per cell 
in 5-40 JcR gamma rays (Table-25). In DES the frequency increased 
from 0,03-0,07 per cell in 1.0-4.0?^  (Table-26), It was 0.03 per 
cell (constant) in 0,5-2.0?^  EMS (Table-27). In caffeiae the 
laggards increased from 0,00-0.10 per cell in 0,25-1.5^ concent-
rations and then decreased to 0.03 per cell in 4.0% (Table-28). 
The laggards were not observed upto 1.5% thiourea while in 2.0-
4.0% the frequency increased from 0,03-0.07 per cell (Table-29). 
In 2,4-D also the frequency increased from 0.03-0,13 in 20-100 
ppm (Table-30). The increase in the frequency of laggards was 
si-gnifleant at 5% level in 1.5% caffeine and 100 ppm 2,4-D. 
ii) Bridges 
Bridges were not observed in control and DES. In gamma 
rays they ranged between 0,00-0.QT per cell in 5-40 kR(Table-25). 
The frequency of bridges was 0,03-^ 0*07 per cell in 0,5-1.0% EMS 
(Table-27), 0.00-0,03 per cell in 0.25-4.0% caffeine (Table-28), 
0,03-0,07 per cell in 1.0-1,5% thiourea (Table-29) and 0,00-0,03 
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per cell in 10-100 ppm 2,4-D concentrations (Table-30). The 
bridges could not be observed in EMS beyond 1.0^ concentrations 
while in thiourea they decreased from 0.07-0.03 per cell in 1.5-
2.0^ and absent in 2.5-4.0?^  concentrations. 
The increase in the frequency of bridges was signifi-
cant at 5% level in ^.0% EMS and ^.^% thiourea and significant 
at ]% level in 40 kR gamma rays. They were insignificant in 
caffeine and 2,4-D. 
iii) Stretching of Chromatin Material 
The stretching of chromatin material could not be 
observed in control. Its frequency increased from 0.03-0,10 
per cell in 5-30 kR and then decreased to 0,07 per cell in 
40 kR gamma rays (Table-25). In DES the frequency increased 
from 0.03-0*07 per cell in 2.0-2.5/li and could not be observed 
in 3.0-4.0Jli concentrations (Table-26), In EMS the stretching 
was 0.03-0.10 per cell in 1.0-2.051^  concentrations (Table-27). 
In caffeine the frequency of stretching was 0.03 per cell in 
1.0-2.0?^  and could not be observed in 2.5-4.0^ (Table-28). In 
thiourea the stretching could not be observed upto 2.5^. In 
3.0-4.0^ concentrations it was constant at 0.03 per cell 
(Table-29). In 2,4-D it was observed to be 0.07 per cell in 
60 ppm and was not observed in lower or higher concentrations 
(Table-30). 
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The increase ii» the frequency of stretching was signi-
ficant at 55^  level in 2,^% DES and 1.5-2.0^ EMS and significant 
at 1^ level in 60 ppra 2,4-D. 
iv) Unsynchronized Movaaent of Chromosomes 
Unsynchronized movenent of chromosomes was not 
observed in control, gamma rays, EMS, thiourea and 2,4-D treat-
ments. In DES the frequency was 0,03-0«07 per cell in 2.5-4.0% 
(Table-26). In caffeine it was 0,07 per cell in 1,5% only 
(Table-28). The frequency of unsynchronized movoBent of chromo-
somes was significant at 5% level in 4,0% DES and 1.5% caffeine. 
v) Unequal Division of Chromosomes 
Unequal division of chromosomes was not observed in 
control as well as in gamma rays, DES, thiourea and 2,4-D 
treatments. 
The frequency was 0.07 per cell only in 2,0% EMS 
(Table-27), In caffeine the frequency was 0*03, 0.07 and 0.03 
per cell in 2.0, 2.5 and 3.0% respectively (Table-28), The fre-
quency was significant at 5% level in 2,5% caffeine and signi-
ficant at 1% level in 2.0% EMS. 
vi) Fragments 
Fragments could not be observed in any treatment in 
M generation. 
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4 . ABNQHyiALITIES AT THXiPHASE I 
The abnoiraalAties at telophase I were rare. However, 
the laggard could be ohsetv&i in few treatments of caffeine and 
2,4-D. 
i) Laggards 
At telophase I the laggards could not be observed in 
control, gamma rays, DES, EMS and thiourea. In caffeine the 
frequency was O,©?, ©•Oa and 0.03 per cell in 1.0, 1.5 and 2.0^ 
respectively(Table-^) and in 2,4-D it was 0.03, 0«03, 0,07 and 
0*07 per cell in 40, 60, 80 and 100 ppm respectively(Tabie-30). 
The increase in the frequency of laggards was significant at 5% 
level in 1,0^ caffeine only. In 2,4-D it was insignificant. 
5. ABNORMALITIES AT MEIOSIS II 
The chromosomal abnormalities could not be observed 
at second meiotic stages of lA^ generation. 
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POLLEN FERTILITY. STERILITY AND RELATIVE STERILITY 
The pollen fertility in M^ generation decreased with 
the increasing concentrations of mutagens and resultantly the 
sterility increased. 
The pollen fertility decreased from 81.75% (control) 
to 78.86^ in 40 kR gamma rays, 80»23?^ in 4.0JI^  DES, 68.94% in 
2.0^ EMS, 64.9951^  in 4.0% caffeine, 73.36% in 4.0% thiourea and 
71.24% in 100 ppm 2,4-D treatments (Table-32). 
In control the s-terility was 18.25%. In gamma rays 
the pollen sterility decreased from 18.25%(control) to 16,83% 
and 17.78% in 5 and 10 kR respectively. In 20 kR the sterility 
was 24.78% while in 30 and 40 kR it decreased to 22.48 and 
21.14% respectively (Table-32). The pollen sterility did not 
follow the increasing pattern as observed in M. generation, but 
in 5 kR the sterility was comparatively lower than other doses 
of gamma rays. 
In DES the pollen sterility increased from 18,29-
19.77% in 0,25-4.00% concentrations (Table-32). The increase in 
sterility or decrease in fertility was not significant as compa-
red to control. In EMS the pollen sterility increased from 
25.11-31.06% in 0.25-2.00% (Table-32) and in caffeine from 21.63-
35.01% in 0,25-4,00% concentrations (Table-32). In thiourea also 
the sterility increased linearly from 21.11-26.64% in 0.25-4,00% 
concentrations (Table-32). In 2,4-D the pollen sterility increa-
sed from 19,87-28.76% in 10-100 ppm concentrations (Table-32), 
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In M^ generation the pollen sterility in treated popu-
lations was higher than control but the increase was not signi-
ficant. In DBS the sterility was almost equal to control. Gamma 
rays and 2,4-D did not follow the trend of M^ results because in 
M^ the pollen fertility showed a significant recovery. 
The relative pollen sterility in control was nil. It 
ranged from -1.74-3.54% in 5-40 kR gamma rays, 0,04-1.85% in 
0.25-4.OJ^  DES, 8.39-15.67?^ in 0,25-2.0% EMS, 3.80-20.50% in 0.25-
4.0% caffeine, 3.50-10.26% in 0.25-4.0% thiourea and 1.98-12.86% 
in 10-100 ppm 2,4-D concentrations (Table-32). The maximum 
relative sterility was observed in caffeine followed by EMS, 
2,4-D, thiourea, gamma rays and DES. 
MICRCMUTATIONS 
Data related to micromutations like duration required 
for germination, flowering, seed setting and ripening etc. were 
recorded in M^ generation also. 
i) Geimination 
The germination started 11th day in control, while in 
gamma rays, DES, EMS, caffeine, thiourea and 2,4-D it started on 
12,11,10,13,11 and 12 days after sowing respectively (Table-34). 
There was no significant difference in germination among the 
treated and control seeds. The germination was completed 31,34, 
29,30,29,29 and 27 days after sowing in control, gamma rays, 
DES, EMS, caffeine, thiourea and 2,4-D and required 19,24,18,20, 
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16^16 and 17 days respectively from initiation of germination to 
completion, 
ii) Flowering 
The onset of flowering in control, gamma rays, DES, 
EMS, caffeine, thiourea and 2,4-D was observed approximately 72, 
91,67,75,76,99 and 91 days after sowing respectively (Table-34). 
The duration required for flowering after completion of germina-
tion was 48,57,38,45,47,70 and 64 days in control, gamma rays, 
DES, EMS, caffeine, thiourea and 2,4-D respectively. Flowering 
in maximum number of plants was recorded 97,115,98,103,108,113 
and 116 days after sowing in control gamma rays, DES, EMS, 
caffeine, thiourea and 2,4-D respectively. The delayed flower-
ing in thiourea, 2,4-D and gamma rays was probably due to delayed 
germination. 
In DES, EMS and caffeine the flowering started earlier, 
therefore, flowering period lasted longer and required 31,28 and 
32 days respectively as compared to 27 days in control. In gamma 
rays, thiourea and 2,4-D the flowering was delayed and the 
flowering period required 24,14 and 25 days respectively. It 
revealed that the delay in germination was compensated on the 
expense of flowering period. On the other hand exceptional cases 
of delayed flowering were observed in some seedlings of DES and 
EMS treatments in which the flowering was observed 185 and 171 
days after sowing respectively (Table-34). 
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iii) Seed Setting 
The seed setting started 140,138,144,136,141,135 and 
143 days after sowing in control, gamma rays, DES, EMS, caffeine, 
thiourea and 2,4-D respectively (Table-34), It was observed in 
maximum number of plants 155,131,154,152,162,177 and 164 days 
after sowing respectively. The duration between onset of flower-
ing and seed setting was 68,47,77,61,65,36 and 52 days in control, 
gamma rays, DES, EMS, caffeine, thiourea and 2,4-D respectively. 
DES required maximum time for seed setting followed by 
caffeine and EMS, while in gamma rays, thiourea and 2,4-D the 
seed setting required significantly lesser time than control 
(Table-34). 
iv) Seed Ripening 
Ripening of seeds required 96,76,105,103,106,74 and 87 
days after the onset of flowering in control, gamma rays, DES, 
EMS, caffeine, thiourea and 2,4-D respectively (Table-34), In DES, 
EMS and caffeine the ripening period was more than control while 
gamma rays, thiourea and 2,4-D required lesser time. 
As a whole, the time required from sowing to ripening 
of seeds by majority of plants in control, gamma rays, DES, EMS, 
caffeine, thiourea and 2,4-D was 173,167,172,178,182,173 and 178 
days respectively (Table-34). The delayed life span was observed 
in caffeine, EMS and 2,4-D mainly due to increased flowering 
period and seed setting. However, in DES and 2,4-D the life span 
in some plants was 187 and 183 days respectively. 
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Generally the variation in the duration of various 
characters was not significant as compared to control except 
some selected mutants which showed the effect of mutagens even 
in Mrt generation. 
YIELD AND PLANT STERILITY 
i) Yield Per Inflor escence 
In control the output per inflorescence was 1596 seeds. 
In gamma rays the output per inflorescence increased to 1924 
seeds, while in 2,4-D it was almost equal to control (Table-36), 
The yield more or less decreased with the increasing concentra-
tions. In the highest concentration the output was 1406 and 702 
seeds per inflorescence in 40 kR gamma rays and 100 ppm 2,4-D 
respectively (Table-36). In other mutagens the output per inflo-
rescence decreased from 1596 (control) to 1369 seeds in 4.0% DES, 
1444 seeds in 2.0^ EMS, 625 seeds in 4.05^  caffeine and 945 seeds 
in 4.0^ thiourea (Table-36), The decrease in the output of seeds 
per inflorescence was not as significant as in M. because the 
plants exhibited irregular and meagre effect of mutagens on the 
M^ population, 
ii) Yield Per Plant 
In control the output was 82992 seeds per plant. Gamma 
rays and 2,4-D exhibited more or less similar effect on yield as 
in M^ generation. In 5 kR gamma rays the output increased to 
100048 seeds per plant and in 10 ppm 2,4-D it increased to 89376 
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seeds as compared to 82992 seeds in control. In other mutagens 
the output decreased with the increasing concentrations from 
52272-20535 seeds per plant in 0.25-4.00?^ DES, 58240-20216 seeds 
per plant in 0,25-2.00?^ BvlS, 53136-11250 seeds per plant in 
0,25-4.00J^  caffeine and 70707-28350 seeds per plant in 0.25-4.0^ 
thiourea concentrations (Table-36). 
iii) Plant Sterility 
Plant sterility in control was nil (0.00). In 5 kR 
gamma rays and 10 ppm 2,4-D the plant sterility was -2Q,bb% and 
-7.69?^ respectively due to the increased yield over control. In 
higher concentrations the plant sterility increased from 32.76-
45.783^ in 10-40 kR gamma rays and 34.82-72.93% in 20-100 ppm 
2,4-D (Table-36). 
In other mutagens the plant sterility increased with 
the increasing concentrations from 37.01-75,25?^ in 0,25-4.0051^  
DES, 29.82-75.645^ in 0.25-2.005^ EMS, 35.97-86.44% in 0.25-4,00% 
caffeine and 14,80-65,84% in 0«25-4^00% thiourea (Table-36). The 
plant sterility in general was comparatively lower than in M. 
generation. 
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OBSERVATIONS IN M3 GENERATION 
The seeds of selected mutants of M2 were sown in M^ 
generation and cytomorphological studies were carried out. The 
mutants inherited the characters similar to those of M^, such 
as tall, dwarf, bushy, erect and semi-erect habit, profuse or 
decreased number of branches, some mutants showing weak and 
twining nature and some others hard and woody stem etc. The 
detailed characters of mutants in M- generation are given in 
table-38. Some mutants were superior to control while some 
others inferior as far as height, number of branches, yield 
and other characters are concerned. 
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DISCUSSION 
The present discussion is mainly confined to the 
effect of gamma rays, diethyl sulfate, ethylmethane sulfonate, 
caffeine, thiourea and 2,4-D on seed germination, seedling 
growth, seedling morphology, plant morphology, cytology, yield 
and similar other characters of Ammi ma.ius L, The probaole 
reasons and explanations regarding the mutagenic effects have 
been discussed below 5 
SEED GERMINATION 
Seed germination after a period of dormancy is a 
resumption of active metabolism manifested in visible growth. 
The test of germination would, therefore, be an important para-
meter that measures the induced effects of radiation, DBS, EMS, 
caffeine, thiourea and 2,4-D. The seed germination in Aromi 
majus decreased with the increasing concentrations of all the 
mutagens but the extent of decrease in germination differed in 
different mutagens. The inhibiting effect of gamma rays on seed 
germination has been observed by many workers (Basu and Basu, 
1968; Rajput, 1970; Patel and Shah, 1974; Sinha and Sinha, 1977; 
Chopra and Singh, 1978; Siddiqui ^  al., 1979a,b; 1980). Similar 
results have also been obtained by chemical mutagens in pulses 
(Sahai, 1974) and tomato (Khamankar, 1974). 
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However, lower doses of gamma rays stimulated geimi-
nation in the present material. The increase in germination 
percentage at lower doses could be due to inactivation of germi-
nation inhibitors present in the seeds. Similar effect of lower 
doses of gamma rays was also observed in Lupinus teimis (Amer 
and Hakeem, 1964), cucurbits (Katiyar, 1976) and Solanwn 
melonqena (Srivastava, 1979). On the contrary the geimination 
in wheat (Bhatia and Swaminathan, 1963) was not affected signi-
ficantly upto 16 kR gamma rays. Burton and Powell (1966) in 
pearl millet and Goud ejt al.. (1969) in ragi also did not find 
much difference in germination percentage of control and radia-
tion treatments. 
Several workers have made an attempt to explain the 
causes responsible for inhibition of seed geitnination. Harber 
and Luippold (1959) reported that high doses of radiation prob-
ably destroy all germination regulators in lettuce seeds. 
The destruction of the activity of gibberellic acid 
in vitro through irradiation has been reported by Sideris et al_, 
(1971). However Ananthaswamy et al. (l97l) reported metabolic 
disturbances during germination. 
Griffiths and Johnson (1962) and Srivastava (1979) 
considered that reduction in germination percentage was due to 
weakening and disturbances of growth processes resulting in 
early elimination of seedlings. The destruction of the activity 
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of gibbereilic acid in vitjo through irradiation has been 
reported by Sideris et a^, (lf7l). Ananthaswamy et al. (1971) 
reported metabolic disturbances during germination of wheat 
irradiated with gamma rays. However, Brown and Thick (1961) 
are of the opinion that the eff>e&t of gaiwna irradiation on the 
germination process is not yet well understood. 
In Ammi ma.lus the gemination was delayed in almost 
all the treatments in M^ while in M2 the delay was insignifi-
cant. Moreover, the delay increased with the increasing doses 
of physical and chemical mutagens. The delayed germination has 
also been reported in pearl millet (Burton and Powell, 1966), 
Corchorus sp, (Sen and Ghosh, 1968) and Phaseolus vulgaris 
(Bajaj et al., 1970). 
SEEDLING GROWTH 
The average seedling height exhibited retarding effect 
and the growth decreased with the increasing concentrations of 
almost all the mutagens in M. generation while in M2 the effect 
was meagre. However, the enhancing effect of lower concentra-
tions of gamma rays, DES and 2,4-D was also observed in M. and 
M^ generations. 
Seedling injury due to ionizing radiations expressed 
in tenns of retarded growth has also been reported in wheat 
« 
(Saric et, al.., 1%l), maize (Gaur and Notani, 1963), Pinus 
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riqida (Mergan and Johansen, 1964), peas (Wellensiek, 1965), 
safflower (Chauhan, 1969), guar (Rai, 197l), Brassica napus 
(Fowler and Stefensson, 1972), Sesamum and Martvnia (Nath, 
1974), castor bean (Reuben et ^ al., 1978) and barley (Palomino 
et al.. 1979). In the present study DES caused the least 
growth injury at seedling stage. Similar effect of DES on seed-
ling growth has been observed by Heiner et aJL, (i960) in barley 
and Sato (1966) in rice. According to Fowler and Stefensson 
(1972) the lethality induced by EMS was the result of inter-
actions between EMS and seed. 
Various workers have attempted to explain the pheno-
menon of reduced seedling growth resulting from higher doses of 
irradiation. Gray and Scholes (1951) and Lea (1955) suggested 
that the most probable causes of this irradiation induced 
abnormality are uneven damage to the meristematic cells as a 
consequence of genetic injuries. Thoday (1951) and Sparrow 
et al. (I96l) are of the opinion that the chromosomal damages 
and/or inhibition of cell division affected by ionizing radia-
tions are the chief causes of reduced growth, Russel and 
Martin (1962) were of the opinion that the reduced growth by 
mutagenic treatments was due to chromosomal damage and in part 
due to physiological disturbances, which affected height. 
Inhibition or impaired mitosis could also be the reason for 
reduced growth (Mergen and Johanson, 1964; Conger and Stevenson, 
1969), which can go upto the extent of virtual elimination of 
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seedlings. Sparrow and Sparrow (1965) concluded that growth 
inhibition is not the direct result of radiation effect but 
arises from the interference with the cell elongation. 
Another group of workers believe that changes in 
auxin level in the plant are basically responsible for the 
reduced growth. Skoog (1935), Smith and Kersten (1942), Gordon 
(1954, 1955, 1956, 1957) observed marked reduction in the level 
of auxin contents in the plants following irradiation. Smith 
and Kersten (1942) reported a general increase in destruction 
of auxin contents from apex to base in peas. Gordon (1955) 
attributed this fall in the auxin level due to destruction of 
highly radio sensitive enzyme system involved in the conversion 
of tryptophan to Indole-3-acetiG acid. On the other hand Mieke 
(1961) and Sjodin (1962) advanced physiological reason for 
their observation of germination and growth. 
However, in the present investigation high frequency 
of chromosomal aberrations and gene mutations occurred in all 
mutagenic treatments. Therefore, it is concluded that the 
chromosome and gene mutations are the causes of reduced geimi-
nation and growth, but the physiological reasons as given by 
Gunckel (1957) may not be completely ruled out. 
The enhancing effect of lower doses of gamma rays, 
DES and 2,4-D was observed in the present study. The possible 
reasons may be that DES in gas phase causes low toxicity in 
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maize seed (Kiril, 1980). Plant au?(in analogue 2,4-D is hormo-
nic herbicide that at lower doses acts as growth regulator 
(Ashton and Crafts, 1973). At higher doses, however, it induces 
plant herbicidal effects (Korte and Jalal, 1982). According to 
Audus (1961) 2,4-D should persist in a very low concentration 
level at equilibrium with the detoxication products in the 
growing cells. In higher concentrations the sub-lethal concent-
ration effects would be cumulative resulting into death. 
ABNORMALITIES IN SEEDLINGS AND MATURE PLANTS 
Generally the seedling abnoitnalities like habit, 
branching, cotyledonary and vegetative leaves increased with 
the increasing doses of physical and chanical mutagens. The 
lowest frequency of abnormal seedlings or their absence in 
lower doses of gamma rays, DES and 2,4-D seems to be due to 
their stimulatory or hormonic effect as evidenced in germina-
tion and growth studies. 
Variations in shape, size and number of the cotyledo-
nary leaves as observed in -Ammi ma.ius are the common effects of 
mutagens. Similar abnormalities have been induced by irradia-
tion in Carthamus tinctorius (Chauhan, 1969), Tectona qrandis 
(Inamdar et^ al•» 1977) and Abelmoschus esculentus (Siddiqui 
et al.. 1979b). The factors responsible for the induction of 
these cotyledonary abnormalities due to irradiation are not 
well known. However, Napp-Zinn (1955) suggested that anomaiiy 
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in the proportion of growth hoimones in treated materials may 
to certain extent be responsible for these cotyledonary abnor-
malities. According to Devraux and Mugnozza (1964) the general 
disturbance in metabolic pathway due to irradiation may be one 
of the important factors responsible for such abnormalities. 
Different types of mutations induced by DES have been 
reported by Yamagata (1966), Bose and Chowdhury (1968), Sree 
Ramulu (1970b,c) and Chandrasekhar and Reddy (1971). Lee and 
Halloran (1975) also induced variations in cotyledonary leaves, 
leaf lets and chlorophyll by EMS treatments. 
Formation of abnormal leaves or variations in leaf 
shape and size, margin and apex as observed in Aromi ma.lus have 
also been reported by Basu (l962) in Corchorus species, Nayar 
and George (1969) in Brassica iuncea and Bajaj et aJL. (1970) in 
Phaseolus vulgaris. The induced morphological abnormalities in 
Ammi ma.lus by DES, EMS and other chemical mutagens were mostly 
concentration dependent and were in confirmity with the findings 
of Khamankar (1974) in tomato. Fowler and Stefensson (1972) in 
Brassica napus and Jawaharlal (1972) in pearl millet. 
In higher concentrations of caffeine and thiourea, 
there was a general damage and the mutation frequency was 
considerably lower in present material. Similarly Konzak et al. 
(1965) found increased damage to mutations at higher concentra-
tions but treatment with low concentrations for long period 
produced high rates of M^ plant survival and mutations. 
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Factors responsible for the induction of leaf abnor-
malities are not very well known. However, Hagen and Gunckel 
(1958) found that in Nicotiana qlauca and Nicotiana lanqsdorfii 
and their interspecific hybrids, the morphological chances which 
appeared under gamma irradiation stress condition have constantly 
shown changes in the free amino acid contents. They found in 
general that where leaf abnormalities occur, there was a concomi-
tant increase in the free amino acid contents of these leaves. 
Similar factors may be responsible for leaf variations in other 
mutagens also. 
The abnormalities in mature plants of M^ generation 
increased with the increasing concentrations of all the muta-
gens, but the frequency was lower than at seedling stage. The 
decreased frequency of abnormalities may be due to the decreased 
survival percentage followed by death of seriously affected 
seedlings and plants at various stages of development. According 
to Srivastava (1979) the disappearance of some morphological 
abnormalities at later stages may also be related to physiologi-
cal disorders or induced lethals and sub-lethals which are 
eliminated later. In M2 generation the frequency of mutations 
in seedlings and mature plants was considerably lower than M. 
generation. The maximum frequency of abnormalities (mutations) 
in M^ was in EMS followed by gamma rays and 2,4-D, while in /vU 
the maximum frequency was in gamma rays followed by EiviS and 
2,4-D. It revealed that gamma rays produced more mutants than 
EMS in M^ generation. It is similar to the findings of lackey 
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(1954, 1962a,b, 1967, 1968) and Swaminathan et al. (1962) who 
claimed that alkylating compounds and other chemical mutagens 
were inferior to ionizing radiation in inducing visible muta-
tions. Though not directly compared with a physical mutagen, 
ethylmethane sulfonate was also found to induce appreciable 
mutation frequencies in wheat (Zoz and Dubinin, 1961; Shama 
Rao and Sears, 1962; Enken, 1965). D'Amato et ai.. (1962) also 
found ionizing radiations equally efficient to induce mutations 
in durum wheat with the ethylmethane sulfonate superior in one 
case and inferior in other. Similar results have been reported 
by Gaul and Astveit (1966) in two varieties of vulgare wheat 
and Brock (1970) in Arabidopsis thaliana. On the other hand 
Abrams and Frey (1964) reported that ethylmethane sulfonate is 
not effective in inducing variation in oats. 
Shaima e;t al. (1976) analysed different kinds of 
mutations in peas and barley using gamma rays, fast neutrons, 
ethylmethane sulfonate, ethylene imine, diethyl sulfate, 
N-nitroso methyl and ethyl urea. They reported that all kinds 
of mutations were induced by these strong mutagens, but the 
difference in spectrum was so small that they did not suggest 
any specificity of induction of certain mutations by a parti-
cular mutagen. They believed that strong mutagens have more or 
less general effect mutating almost all the genes with varying 
frequencies. Similar results have been obtained in the present 
investigation also. 
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Dubinin (1976) reported that in the process of muta-
tion induction several enzymes are involved. These enzymes 
participate in the whole process at various stages and many of 
the potential lesions are converted into mutations as results 
of enzymatic activity. However, Nilan (1967) concluded that 
while different mutagens and treatment procedures may cause some 
changes in the relative proportions of different types of muta-
tions in higher plants, a precise control of spectrum is yet to 
be achieved. 
HEIGHT, INJURY AND SURVIVAL OF MATURE PLANTS 
The average height of the plants in M. generation 
decreased with the increasing concentrations of all the muta-
gens as compared to control. The effect of mutagens on the 
height of mature plants is rather meagre and still meagre in M^ 
generation except some selected mutants which inherited the 
parental characters of M^, In lA^ the linear height decreasing 
trend was followed in gamma rays and 2,4~D only, but the 
enhancing effect of lower concentration of DES and 2,4-D still 
persisted in M^. The injury percentage in M^ was also lower 
than M, generation. 
The adverse effect of gamma irradiationjDlant growth 
has also been observed in Citrullus lanatus (Katiyar and Roy, 
1972, 1973), Sesamum (Nath, 1974), linseed (Seetharam, 1976; 
Nath, 1978), Brassica campestris (Kumar and Das, 1977), 
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Coriandrum sativum (Sinha and Sinha, 1977), Solanum khasianum 
(Chauhan, 1978), Jowat (Puzakova et al.., 1978) and barley 
(Singh et al., 1980). 
Sparrow et al. (1958) mentioned that although reduced 
stem elongation is usually ascribed to reduced auxin and nutri-
tion levels and mechanism of assimilation may also be important 
factors. Adverse effects of ionizing radiations on photosynthe-
sis and pigmentation are also well known (Gunckel and Sparrow, 
1961; Garg et al.-, 1977-1978; Kurganova and Anisimov, 1978; 
Singh ^ a l . , 1979; Gangwar et al., 1980). Such harmful effects 
of ionizing radiations lead to various forms of physical 
expression of changes, such as, abnormal and retarded growth, 
induction of mutation and death (Maherchandani, 1975). On the 
whole it appears to be a complex biological phenomenon affected 
by a number of factors operating at cellular and sub-cellular 
levels. 
For height of mature plants and other characters, the 
treated M^ population exhibited a shift in the negative or 
positive direction. The negative shift of the mean has been 
supported by Brock and Latter (1961) and Gaul (1965). While 
increase in mean was obtained by Anderson and Olsson (1954) and 
Krull and Frey (I96l). Thus in some cases the plant height and 
inflorescence showed the shift in the mean value in positive 
direction (lower concentrations of DES and 2,4-D) while in others 
mean shifted to negative direction. Brock (1965) proposed a 
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general hypothesis fox the behaviour of induced mutations in 
quantitatively inherited variations. According to this hypo-
thesis random mutation in a self fertilizing organism, would be 
expected to increase the variance and to shift the mean away 
from the direction of previous selection. His (1965) hypothesis 
has received support from several other studies (Oka et al., 
1958; Rowlings et_ al., 1958). The present observations thus 
support the hypothesis proposed by Brock (1965). 
Survival of plants grown from treated seeds is of 
interest due to its being an index of induced lethality. The 
drop in survival value of treated plants could be due to dis-
turbed physiological processes or chromosome damage leading to 
mitotic arrest. Sjodin (1962) considered that embryonal damage 
due to radiation became apparent at later stages of ontogenesis. 
Swanson and Kihlman (1956) presented a scheme to connect radio-
chemical and radiophysical events with observable effects such 
as lethality, chromosome aberration and mutation. 
In the present observations also the seedling and 
plant survival decreased as the concentrations of physical and 
chemical mutagens increased. The lethality (injury) caused by 
DES was much lesser than gamma rays and EMS. Caffeine and 
thiourea also caused remarkable lethality. These are similar 
to the findings of Jawahar Lai (1972) in pearl millet, Jana and 
Roy (1973) in rice and Khamankar (1974) in tomato. 
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Increase in coefficient of variation for characters 
in the increasing concentrations was also observed. The 
increase in variance was also confiimed by the findings of Brock 
and Latter (1961), Scossiroli (1964), Gaul (1965, 1969), 
Aastveit (1967) and Borojovic (1969 , 1972). This effect can be 
interpreted as due to detrimental mutations which are supposed 
to occur more frequently than favourable ones, and selected in 
the subsequent generations. The larger variances or coefficient 
of variation in the treated population may be due to an increase 
in genetic component and it may be accounted for by-effects of 
mutations for genetic factors (Scossiroli, 1964). However, Moes 
(1958) in barley, Frey (1968) in oat and Bansal (1972) in barley 
showed that there is alteration of mean in plus or minus direc-
tion and increase in variance. This suggests that mutations in 
one direction predominates over the other. Arias and Frey (1973) 
in oats and Eiges and Blinnikova (1973) in wheat also found 
increased variance in treated populations with ethylmethane 
sulfonate and ethylene imine respectively over control. 
MEIOTIC STUDIES 
As a result of mutagenic treatment of seeds with 
physical and chemical mutagens, the plants showed varying degree 
of meiotic irregularities like reduction in chiasms frequency, 
multivalents, univalents, disturbed bivalent associations, 
stickiness, laggards, fragments, precocious separation of chromo-
somes, unequal division, bridges with or without fragments etc. 
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Generally the meiotic irregularities increased with an increase 
in the exposure to gamma rays and concentrations of chemical 
mutagens. The frequency of abnormalities induced by present 
series of treatments was mostly dose and concentration dependent 
and was higher in meiosis I than in meiosis II. 
The chiasma frequency following mutagenic treatments 
has been found to increase in some cases (Mather, 1934; 
Darlington and La Cour, 1953), while in others no change 
(Darlington and La Cour, 1953; Sybenga, 1960) or decrease (Sree 
Ramulu, 1971a; Al-Allaf and Godward, 1979), Prasad and Godward 
(1969) reported in Phalaris that there was no significant 
correlation of the distribution of chiasmata between bivalents 
of the nuclei, though a slight reduction in number of chiasmata 
per pollen mother cell was observed following X-irradiation of 
dry seeds. 
Lawrence (1961) working with Lolium and Tradescantia 
concluded that the decrease in chiasma frequency following muta-
genic treatments might possibly occur at two stages, viz., 
during DMA synthesis and sensitive period at/or slightly before 
the stages of chiasma formation^ In the former case the 
decrease in the frequency of chiasmata may be due to the disturb-
ance in chromosome coiling, failure or restricted pairing at 
pachytene and the delay in DNA synthesis, while in the latter it 
may be affecting the process leading to chiasma formation. 
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The chemical mutagens also in general, caused a higher 
reduction in chiasma frequency, Jain and Basak (1965) working 
with Delphinium reported that the mutagen treatments induced 
univalent formation through cryptic structural changes in some 
of the chromosomes which restrict pairing and thus reduce 
chiasma formation. According to Al-Allaf and Godward (1979) 
cryptic structural changes such as minute deletions or small 
inversions in some of the chromosomes in the embryonic initials 
or initial which had survived the elimination process to take 
part in the formation of the inflorescence, may be responsible 
for the failure of these segments to form chiasmata and hence 
reduce the frequency. 
MULTIVALENTS 
The formation of multivalents by gamma rays and chemi-
cal mutagens as described here has also been reported by many 
workers. Heiner et al_, (i960), Konzak et al. (1961) and Sree 
Ramulu (1971b) working with gamma rays and DES reported that the 
chonical mutagens produce chromosomal aberrations less frequently 
than radiation. In the present observation also, the gamma rays 
induced maximum quadrivalents. 
Burton and Powell (1966) in Pennisetum typhoides 
observed that the frequency of multivalents induced by HiviS was 
less than that of thermal neutron treatments. According to 
Akhund-Zade and Khvostova (1966) alkylating agents induced mainly 
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isochromatid deletions which lead to the formation of chromatid 
bridges at anaphase. These bridges are broken and accentric 
fragments are lost which lead to disturbance of the chromosome 
balance and ultimately to cell death. 
The quadrivalents induced by gamma rays and chemical 
mutagens involved different chromosomes. The quadrivalents 
(translocation rings) as observed in Aromi ma jus were also 
observed in Pennisetum typhoides (Burton and Powell, 1966; 
Srinivasachar and Mohandas, 1971) by physical and chemical 
treatments. Sjodin (l97l) observed that ionizing radiations 
were more effective in inducing translocations than chemical 
mutagens. 
Trivalents appeared in chain configurations followed 
by univalents. According to Darlington (1937) the occurrence 
of trivalents is obviously due to early dissolution of chiasma 
or failure of chiasma. Similar configurations have also been 
reported in Pennisetum typhoides by X- and gamma rays treatments 
by Krishnaswami-Ayyangar (1941) and Pantulu (1967) respectively. 
According to Lea (1955) and Srivastava (1979) broken ends of the 
chromosomes when fused at random may bring about unequal changes 
making up the multivalents. 
UNIVALENTS 
Frequency of univalents was mostly dose dependent. 
Most of the univalents in the present investigation showed 
i 125 : 
either precocious separ^tiOQ before the initiation of anaphase 
in other bivalents at equatorjai plate ox were seen as laggards 
at anaphase I. Thus it se«ms that the occurrence of univalents 
is the result of desynapsis. SjSich a phenomenon was also 
supported by Li et al.. (1945) and Bozzini and Matini (1971) in 
wheat, Krishnaswami et al,. (1949) in Pennisetum tvphoides and 
Krishnaswamy and Meenakshi (1957) in, Solanum. Krishnaswamy and 
Meenakshi (1957) studied the inheritance of aesynaptic mutant 
and found it to be simple Mendelian recessives. 
PRECOCIOUS SEPARATION 
Precocious separation of chromosomes increased signi-
ficantly in all the mutagens bu-t insignificantly in thiourea. 
The precocious separation was also observed in Arachis hypoqea 
(Patil and Bora, 1961) raised from X-ray irradiated seeds and 
in tomato (Hose and Saha, 1970) by X-rays and DBS treatments. 
Bose and Saha (1970) concluded that the univalents separating 
precociously seemed to be as a result of desynapsis. According 
to Roy £t al. (l97l) precocious separation of bivalents at 
metaphase I in Cucumis sativus was attributed to the failure of 
chiasma formation in pairs. In Turnera ulmifolia var. 
anqustifolia (Tarar and Dnyansagar, 1980) precocious separation 
was also observed by gamma rays an'd EikS treatments. 
Sticky chromosomes affected the disjunction adversely 
and were reported as a result of partial dissociation and altered 
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pattern of organisation of nucleo-proteins (Evans, 1962; Katiyar 
and Roy, 1974,1976). Sometimes they perhaps caused clumping of 
the chromosomes (Prasad, 1965; Shaikh and Godward, 1972; Katiyar 
1978; Srivastava, 1979). Srivastava (1979) reported that 
stickiness also resulted into bridge formation. According to 
Darlington (1953) stickiness may be due to depolymerisation of 
DNA on the surface of the chromosomes which is rendered more 
fluid by the treatment. Tarar and Dnyansagar (1980) observed 
stickiness at anaphase also and attributed it due to change in 
the cytoplasm viscocity. 
Occurrence of laggards in all the treatments as 
observed in the present investigation has also been observed by 
Rangaswami (1935), Ammini (1968), Bose and Saha (1970), faose and 
Maiti (1971), Roy et al. (1971), Sree Ramulu (I97lb), Chowdhary 
et_ _al. (I97l) and George (1971) with physical and chemical muta-
gens. According to Rangaswami (l935) and Magoon et al. (1958) 
the lagging nature of chromosomes seems to be due to some trouble 
in terminalization of chiasmata resulting from change in homology 
of the paired chromosomes. 
The occurrence of bridges at anaphase I and II in the 
present material has also been observed by several workers and 
has been attributed to crossing over between relatively inverted 
segments (Mc Clintock, 1931) or the reunion of chromatids during 
meiotic prophase (Rees and Thomson, 1955; Lewis and John, 1966; 
Newmann, 1966). Jones (1968) described contrasting modes of 
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origin of bridges in simple terms, "one depends on crossing over 
between relatively inverted segments, the other depends on 
inverted crossing over between non-oriented segments*. It is 
also possible that bridges may result due to stickiness of 
chromosome's ends (Carlson,1954; Sawamura,1965; Sudhakaran,1971). 
Thomas(l961)observed that in some cells interstitial chiasmata 
in the translocated chromosomes failed to complete terminaliza-
tion and during anaphase this results in a bridge. Bose and 
Saha (1970) supporting Rees (1952) said that a single bridge 
without fragment could result from the failure of division of 
end genes brought about by nucleic acid upset. Bora ejt aJL. 
(1961) observed that absence of fragments from bridges may be 
due to smallness of fragments which disappeared in earlier divi-
sions or originated from a chromatic portion. 
The bridges with and without fragments have also been 
observed by Ghatnekar (1964), Gostimskii and Hvostova (1965), 
Akhund-Zade (1968), Bose and Saha (1970), Nawar et aJ^ . (1971), 
Chowdhary ^ al.. (I97l), Bose and Maiti (1971), Sree Ramulu 
(1971b) and Tarar and Dnyansagar (l980), Unsynchronized move-
ment occurred significantly in gamma rays and caffeine. Similar 
results of unsynchronization of meiotic stages were observed in 
Turnera ulmifolia (larar and Dnyansagar, 1980) treated with 
gamma rays and EMS. According to Tarar and Dnyansagar (1980) 
unsynchronized bivalents or laggards might be due to discrepan-
cies in spindle formation. 
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The cells showi^ ng unequal division may arise when one 
chromosome of a quadrivalent goes to one pole and the ren.alninj 
three to the other. It is also possible that a bivalent may 
fail to disjoin and move«as a whole to one of the poles. These 
possibilities seem to exist because in the present study the 
cells with unequal distribution of chromosomes were observed in 
those treated plants in which quadrivalents were not noticed. 
Unequal distribution was also observed in Pennisetum typhoides 
(Krishnaswami and Rangaswami-Ayyangar, 1941) by X-rays, tomato 
(Bose and Saha, 1970) by DES and X-rays and Rhoeo discolor 
(Ammini, 1968) by Maleic hydrazide. 
Stretching of chromosomes was also observed in almost 
all the treatments with the significant occurrence in 2,4-D in 
M. and M^ generations. Some abnormalities were observed at 
second meiotic stages also but frequency was significantly lower 
and sometimes negligible. More than 4 groups of chromosomes 
were also observed at telophase II, most probably due to distur-
bed spindle mechanism, forming micronuclei. The micronuclei in 
the treated plants might also have resulted due to non-orienta-
tion of chromosomes, laggards ©r chromosome fragments. 
Some of the mutagens have given high rates of muta-
tion as compared to others. For a number of gene loci or group 
of gene loci, gamma rays, EMS and 2,4-D have been most effect-
ive. DES also exhibited consistent effect in most of the cases 
even in M2. Caffeine and thiourea caused more injury in some 
cases but the frequency of mutation was comparatively lower. 
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According to Muller (1954) mutational process is 
predominantly chromosomal and not genie in the origin, but 
Westergaard (1957) suggested that while a majority of induced 
mutations may arise from structural changes, point mutations 
also do occur. 
POLLEN FERTILITY. STERILITY AND RELATIVE STERILITY 
In M. generation the pollen fertility decreased and 
sterility increased with the increasing concentrations of gamma 
rays, EMS, caffeine, thiourea and 2,4-D. On the other hand lower 
concentrations of DES caused increased pollen fertility over 
control. 
The effect of mutagens on pollen fertility has also 
been reported in Arachis hypoqea and Plantaqo ovata (Bora _et al.. 
196l), Carthamus tinctorius (Chauhan, 1969), Cyamopsis tetra-
qonoloba (Rai, 1971), Sesamum indicum and Martynia dyandra 
(Nath, 1974), Luffa cvlindrica and L, acutanqula (Katiyar and 
Roy, 1974,1975), Brassica campestris (Kumar and Das, 1978) and 
Capsicum annuum (Katiyar, 1978), 
Various chromosomal abnormalities like translocations, 
anaphase bridges and laggards etc. appeared to be related with 
lowered pollen fertility. According to Gaul (1964) interchanges 
played important role in pollen sterility, Sinha and Godward 
(1969, 1972) described translocations to be responsible for 
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decreased fertility. Rana and, ^ waminathan (1964) and Ramanna 
(1974) reported that any deviation in karyokinesis or cytokine-
sis could produce non-viable microspores. This is simply 
because of the fact that meiosis is more prone to any conceiv-
able type of disturbances (Darlington, 1937; Swanson, 1957). 
According to Katiyar (1978) the meiotic abnormalities bear a 
linear relationship with the dos€ and that the frequencies of 
the aberrations in R. wer@ always higher than in R^ . It may 
further be added that meiotic aberration frequencies were lesser 
than the scored pollen sterility as observed in DES in the 
present study. According to Katiyar (1978) some undetectable 
cytological changes do play important role in the induction of 
pollen sterility. Das (1955, 1957) stressed that in addition to 
chromosomal aberrations, some genie and physiological changes 
might have caused sterility. It may therefore, be assumed that 
in the irradiated and chemically treated populations of Ammi 
ma^ lus cytological and physiological causes were responsible for 
the sterility of pollen grains. 
YIELD AND PLANT STERILITY 
Yield of the treated population shifted to positive 
and negative directions. In lower doses of gamma rays, DES and 
2,4-D the yield increased over control while in EMS, caffeine 
and thiourea the yield decreased linearly. The enhancing effect 
of lower doses of gamma rays and 2,4-D still persisted in Ai 
generation. 
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The reasons for increased yield in the lower concent-
rations may be attributed to the enhancing effect of gamma rays 
(Jahagirdar, 1975; Kothekar, 1983), less effectivity of DES 
(Heiner £t al., 1960; Sato, 1966) and growth regulatory effect 
of 2,4-D (Audus, 1961). 
Decrease in the yield as observed in the present mate-
rial was also observed by Brock and Latter (1961), Scossiroli 
(1964), Gaul (1965, 1969), Aastveit (1967) and Borojovic (1969, 
1972). As the plant sterility was directly proportional to the 
administered doses and concentrations of mutagens, it can 
further be presumed that the mutagenic treatment probably affec-
ted both the male and female gametophytes more or less similarly. 
However, pollen sterility appeared to be more responsible, 
because yield decreased under conditions of high pollen sterility. 
This effect may also be interpreted as due to detrimental muta-
tions which are supposed to occur more frequently than favourable 
ones (Khamankar, 1974). According to Singh and Chowdhury (1972) 
various chromosomal abnormalities appeared to be related with 
lowered pollen fertility and seed set. 
A crop plant can be improved in productivity and 
adaptation to environment only when genetic variability for the 
specific trait is available in the treated population. The high 
heritability estimates obtained in the present study for some of 
the characters like number of seeds and branches per plant indi-
cate better possibility for the increased chances of selection 
and improvement of yield through these mutagenic treatments. 
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MICRQMUTATIONS 
Under micromutations the effect of mutagens only on 
the timings of geitnination, flowering, seed setting and r^ i^pen-
ing etc. were studied in control and treated populations. 
Generally the germination was delayed in all the muta-
gens with the significant delay in gamma rays and EMS followed 
by thiourea, but it was compensated at later stages because the 
onset of flowering in these mutagens was not much delayed. This 
effect still persisted in caffeine and thiourea in which the 
onset of flowering delayed significantly, but this was also 
overcome and compensated on the expense of 'duration of flower-
ing' because the flowering period in caffeine and thiourea was 
comparatively shorter. The tendency of plants to overcome the 
toxic or injurious effect of mutagens continued and the treated 
plants tried to regain normalcy. In M^ generation, majority of 
the treated populations returned to their normal life span 
except some selected mutants which inherited the characters 
(delaying) similar to that of M. generation. 
The delaying effect of mutagens on the treatea plants 
as observed in Ammi majus was also reported in Brassica 
campestris (Fowljer and Stefensson, 1972) and Zea mays (Kaushik 
and Sharma, 1974). 
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POLYPLOIDY 
The tetraploids of Ammi ma.jus L. were raised to assess 
their performance and to use them as strain for greater yield 
and increased size of seeds. It is fairly well established that 
polyploidy increases individual cell size and eventually produce 
•gigas' types. The superior coichiploids as observed in Ammi 
ma.jus have also been reported in Coriandrum sativum (Sharma and 
Datta, 1957; Reddy, 1968), Dolichos lablab (Sen and Marimuthu, 
I960), Capsicum frutescens (itaghuvanshi and Joshi, 1964), 
Triqonella foenum-qraceum (Roy and Singh,1968), Luffa echinata 
(Ray and Ghosh,197l), Luffa acutanqula (Roy and Dutt,1972) and 
in many other plants (Stebbins, 1950). 
On the other hand the inferior colchiploid obtained 
in the present investigation exhibited decreased height, number 
of branches and flowers etc. Similar results have also been 
reported in tomato (Kostoff and Kendall, 1934), Cosmos 
bipinnatus (Newcomer, 1941) and Nicotiana (Deshmukh and Pal, 
1950). The induced tetraploids in these plants were either 
shorter than or not different from the corresponding diploids. 
Increase in number of branches as observed in two 
auto-tetraploids in Ammi ma .jus has also been reported in Cosmos 
bipinnatus (Chhonkar et al., 1957) and Verbena hybrida (Misra, 
1966). On the other hand decreased number of branches as 
observed in one auto-tetraploid in the present study has also 
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been reported by Sen and Chheddha (1958), Bose and Panigrahi 
(1969) and Singh (1970). 
Multivalent chromosome association as described here 
was first reported in tetraploid Canna (Belling, 1921), Prunus 
(Darlington, 1928,1930) and Linaria vulgaris (Bali and Tandon, 
1956), These configurations lead to irregular distribution of 
chromosomes at anaphase I resulting in unbalanced gametes which 
consistently decreased the fertility. In Ammi majus trivalents 
were comparatively mor^ than tetravalents at anaphase I, It is 
supported by the findings of Wanjari and Phadnis (1974) who 
observed in brinjal that quadrivalent frequency was reduced, 
while the frequency of univalents, bivalents and trivalents was 
increased during metaphase I as compared to diakinesis, probably 
due to precocious separation of chromosomes of the multivalents. 
The general feature of polyploidy is the reduction in 
pollen fertility in all the three auto-tetraploids. This is 
also observed in Impatiens spp. (Smith, 1938; Bose and Mukherjee, 
1967), Cosmos bjpinnatus (New Comer, 1941), Linaria vulgaris 
(Bali and Tandon, 1956), According to Muntzing (1936) the 
sterility of induced.tetraploids is not purely chromosomal but 
atleast in part due to physiological disturbance or genetic 
causes. It has been suggested that the sterility or lowered 
seed setting could be due to the non-viable, unbalanced gametes 
resulting from the misdisjunction of multivalent formed at 
meiosis in almost all auto-tetraploids (Darlington, 1937; 
Darlington and Mather, 1949). 
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Lagging of chromosomes at anaphase I and II (Sparrow 
et. al.., 1942; Myers, 1945) and Spindle abnormalities(Schwanitz, 
1948) have been reported as probable causes of low seed setting. 
Poor seed setting as observed in one of the auto-tetraploids of 
Ammi ma,jus has also been reported by Dorsey (1936), Singh (1955), 
Raghuvanshi and Joshi (1964), Bose and Panigrahi (1969) and 
Raghuvanshi and Pathak (l974). 
The sterility of auto-tetraploids has been suggested 
to have a genetical basis (Fischer, 1969; Randolph, 1941; 
V/estergaard, 1948). Stebbins (1947, 1949, 1950) also believe 
that the sterility is mainly due to genetically controlled 
physiological factor of an unknown nature. Schwanitz (1951) 
also suggested that physiological factors may be responsible 
for lowered seed setting. 
It has been concluded that lower doses of gamma rays 
diethyl sulfate and 2,4-D caused enhancing effect on different 
aspects of plant life such as seed germination, growth and yield 
etc. while higher doses exhibited retarding and delaying effects. 
Ethylmethane sulfonate, caffeine, and thiourea showed linear dose 
effect relationship on these aspects. Morphological variations 
were higher and mostly adapted in M. generation while in M^ the 
mutants were either chromosomal or genie because in DES frequency 
of chromosomal abnormalities as compared to other mutagens was 
lower while morphological mutations were significant. Chromosomal 
abnormalities were also dose and concentration dependent and more 
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or less responsible for morphological variations. Gamma rays 
and EMS were equally efficient for the induction of mutations 
while others were comparatively inferior, DES caused no serious 
harmful effects, instead it induced good number of mutations. 
Caffeine caused mostly injurious and irregular effects. The 
mutations were more or less similar in all the mutagens with 
slight specification in gafflffia rays and 2»4-D and differences in 
their frequencies. Colchicine exhibited its effect both in 
positive and negative directions for the induction of polyploidy. 
The induced variability in the present investigation 
provided greater chances of selection for different oesirable 
characters in Amni ma jus L« 
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SUMJyiARY 
The effect of gamma rays, diethyl sulfate, ethyl-
methane sulfonate, caffeine, thiourea and 2,4-D on seed germi-
nation, seedling and plant growth, meiotic chromosomes, pollen 
fertility, yield and life span of Ammi ma .jus L. has been studied 
in M. and M« generation. Few selected mutants have also been 
maintained in M- generation. The findings are summarized below. 
1. Lower doses of gamma rays and chemical mutagens caused no 
significant effect on seed germination but in higher 
concentrations delayed and decreased geimination was 
observed. The delay was significant in gamma rays, EiviS and 
2,4-D, while in caffeine and thiourea the delay was not 
much significant. DES caused the least effect on germina-
tion. Same trend was followed in M2 generation also, but 
the germination percentage was comparatively higher than M. 
generation. 
2. Lower doses of gamma rays and concentrations of DES and 
2,4-D exhibited stimulatory effect on seedling growth over 
control, while in higher doses the seedling height 
decreased. In EMS, caffeine and thiourea the average seed-
ling height decreased linearly with the increasing concent-
rations. The average height of treated seedlings in M^ was 
comparatively more than M^. 
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The seedlings could not survive beyond 40 kR gamma 
rays, 2.0% EMS and 100 ppm 2,4-D which proved to be lethal. 
3. The cotyledonary leaves of treated population exhibited 
abnormalities like decreased angle; fusion at the base, 
upto half of the length or even upto 3/4 length forming a 
cup or tubular structure, poorly developed, bifurcated, 
both shifted to one side and rudimentary in higher doses. 
Most of the abnormalities were common in all the mutagens. 
Almost similar abnoimalities were observed in M^ generation 
also but the frequency was lower. 
4. First pair of vegetative leaves also exhibited morphologi-
cal variations like poor development, deshaping, whorl 
formation, undifferentiated lobe foimation, change in 
serration and apex, fusion with cotyledonary leaves, 
rudimentary and enclosed in cup, formed by cotyledonary 
leaves, in all the mutagens. 
5. Older seedlings also exhibited morphological variations 
like varied leaf size, weak stem, semi-erect with lesser 
number of branches and leaves, healthy seedlings with 
increased number of branches and leaves and creeping nature 
of few branches. Besides, phyllotaxy was also affected. In 
treated populations of M^ and M2 generations variations in 
leaf morphology like increased notchings and dissections. 
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ovate, small dark green leaves, obovate and bigger leaves, 
needle like highly dissected and deshaped leaves were also 
observed. The occurrence of obovate and bigger leaves was 
more common in thiourea and smaller needle like and dissec-
ted leaves in 2,4-D. 
The frequency of these abnormalities in M^ generation 
was maximum in EMS followed by gamma rays, 2,4-D, DES, 
thiourea and caffeine. In M2 generation maximum seedling 
abnoiiiialities were observed in gamma rays followed by EMS, 
2,4-D, 'PES, caffeine and thiourea, but the frequency was 
lower than M^ generation, 
6. In the mature plants the morphological mutants like woody 
and hard plants exhibiting dwarf character and increased 
number of branches over control, dwarf mutants with 
decreased number of branches, taller bushy plants with 
increased number of branches and umbels per inflorescence, 
tall mutants with decreased number of branches, mutants 
with increased or decreased number of leaves and sometimes 
clustered leaves, semi-erect and twining habit, were 
obtained in various treatments. The frequency of mutations 
increased with the increasing concentrations, the maximum 
being in EMS followed by gamma rays, 2,4-D, DES, thiourea 
and caffeine. In M^ the highest mutation was obtained in 
gamma rays followed by EMS, 2,4-D, DES, caffeine and 
thiourea. 
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7. Average height of the mature plants increased over control 
in lower concentration of DBS and 2,4-D, while it decreased 
with the increasing doses of gamma rays, EMS, caffeine and 
thiourea. The maximum decrease in height was obtained in 
gamma rays followed by EMS, 2,4-D, thiourea, caffeine and 
DES. The injury percentage also increased with the increas-
ing doses and concentrations. Caffeine showed irregular 
effect of increasing concentrations. The average height of 
plants decreased in higher concentrations in M2 generation 
also but the effect was meagre. 
8. The effect of mutagens on meiotic chromosomes was carried 
out in detail. At diakinesis the chiasma frequency (per 
cell or per bivalent) generally decreased with the increas-
ing doses. The maximum decrease in chiasma frequency was 
observed in gamma rays followed by thiourea, caffeine, EMS, 
2,4-D and DES. The same pattern was followed in Mg genera-
tion also. The frequency of rod bivalents and univalents 
increased simultaneously with the decrease in per cell 
chiasma frequency. 
9. Multivalent associations were observed at diakinesis and 
metaphase I stages. At diakinesis the quadrivalents were 
significant in higher doses of gamma rays and EMS, while 
insignificant in DES and 2,4-D. The frequency of quadri-
valents at metaphase I increased with the increasing doses 
of gamma rays and 2,4-D, while it ronained constant in EMS. 
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Trivalents were significant in thiourea, whereas 
insignificant in EMS and caffeine. They could not be 
observed in gamma rays, DES and 2,4-D at diakinesis. At 
metaphase I their frequency was significant in caffeine 
and thiourea vrtiile insignificant in 2,4-D. Multivalents 
could not be observed in lA^ generation. 
The univalents at diakinesis did not occur in control and 
lower concentrations of gamma rays, EMS and caffeine, 
whereas in DES, thiourea and 2,4-D they occurred even in 
the lower concentrations. The frequency of univalents at 
metaphase I was almost equal to diakinesis. They generally 
increased with the increasing concentrations of all the 
mutagens, but decreased beyond 4.0^ DES and 3,b% thiourea. 
It was also observed that in gamma rays and thiourea the 
frequency at metaphase I was lesser than at diakinesis, 
whereas in DES, EMS, caffeine and 2,4-D it was more than 
at diakinesis. 
The univalents were observed in M2 generation also. 
Although lower than M., the frequency at diakinesis and 
metaphase I was significantly higher as compared to control 
particularly in gamma rays, DES, ElviS and 2,4-D treatments. 
In caffeine the frequency increased irregularly. Besides 
per cell frequency, they ranged even upto 14 in a single 
cell of some treated plants. 
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At metaphase I the parameters of meiotic studies were ring 
and rod bivalents, multivalents, univalents, precocious 
separation and stickiness etc. The frequency of ring 
bivalents increased linearly with the increasing doses of 
gamma rays, EMS and 2,4-D, while beyond 3.0?^  DES, 1.5% 
caffeine and 3.5% thiourea the frequency exhibited decreas-
ing trend. In M^ generation the increase in the frequency 
of ring bivalents was irregular and insignificant. The rod 
bivalents in M^ generation decreased with the increasing 
concentrations except caffeine where they seemed to be 
independent. In M2 the frequency of rod bivalents was 
normal in lower concentrations, but they exhibited signi-
ficant decrease in higher concentrations of almost all the 
mutagens except thiourea. However, in M^ the frequency of 
rod bivalents was higher and that of ring bivalents lower 
than M. generation. 
Precocious separation of chromosomes was observed to 
increase upto optimal concentrations in most of the 
mutagens and beyond that concentration they either remained 
constant or decreased. In M^ the most significant result 
was obtained in EMS followed by caffeine, gamma rays, DES 
and 2,4-D. In thiourea precocious separation was absent. 
In M^ generation the increase in the frequency of precocious 
separation of chromosomes was significant in EMS only, while 
in others it was insignificant. 
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Stickiness of the chromosomes was significant in EMS 
only. It did occur in gamma rays, caffeine and 2,4-D but 
statistically the frequency was insignificant. In thiourea 
stickiness did not occur. In M^ generation the stickiness 
could not be observed in any treatment, 
12. At anaphase I the abnormalities like laggards, bridges, 
stretchigig, unsynchronized movonent of chromosomes, fxag-
ments and unequal division of chromosomes were mainly 
observed. The laggards were observed in control as well as 
all the treatments with the only difference in their fre-
quencies. The maximum frequency was observed in gamma rays 
followed by DES, EMS, 2,4-D, thiourea and caffeine. In M^ 
the frequency of laggards per cell was significant in 2,4-D 
and caffeine but lower than M., 
Increase in the frequency of bridges was significant 
in gamma rays,DES,caffeine and 2,4-D, In EMS and thiourea 
bridges were insignificant. In M2 generation the bridges 
were significant in gamma rays only. 
Stretching of the chromatin material was generally 
absent in lower concentrations whereas in higher concentra-
tions it occurred significantly in EMS followed by gamma 
rays, DES, caffeine and thiourea. In U^ generation the 
frequency of stretching was significant in 2,4-D, DES and 
EMS only while in gamma rays, caffeine and thiourea it was 
statistically insignificant. 
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The frequency of unsynchronized movement of chromo-
somes in M. generation was significant in gamma rays and 
caffeine only. In M^ unsynchronized movement occurred 
significantly in caffeine and DES. The per cell frequency 
of fragments was significant in gamma rays only while 
insignificant in DES and 2,4-D. In M2 the fragments were 
not observed. 
Unequal division of chromosomes was also common in all 
the mutagens. Its frequency in treated population was 
significant in DES and EMS only. In M^ generation the 
frequency was lower than M.. 
13. At telophase I the main abnormalities were laggards and 
bridges. Laggards were significant in gamma rays and EMS 
only while bridges in gamma rays and 2,4-D, In M2 these 
abnormalities were rare. Second meiotic divisions were 
fairly regular. 
14, Pollen sterility increased with the increasing concentra-
tions of mutagens except in DES where lower concentrations 
slightly increased pollen fertility over control. The 
maximum relative pollen sterility was observed in caffeine 
followed by 2,4-D, HvlS, thiourea, gamma rays and DES. In jvi 
generation although the pollen sterility in treated plants 
was higher than control but insignificant and lower than k.. 
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15, The duration of germination, flowering seed setting and 
seed ripening was also affected by the mutagens. Generally 
the mutagens interfered the normal life span. They caused 
delaying effect except gamma rays in which the life span 
was almost equal to c9n^rol. In M2 there was no significant 
difference in the life span of control and treated popula-
tions. 
16, The yield per plant increased in the lower concentrations 
of gamma rays,DES and 2,4-D whereas in others it decreased 
with the increasing concentrations due to the increased 
plant sterility over control. In M^ the general yield was 
higher than M. due to the meagre effect of mutagen. Lower 
doses of gamma rays and DES showed increased yield as in ivL. 
17, Colchiploidy was induced. Out of 25 treated seedlings 
3 colchiploids (auto-tetraploids) were obtained in C^. 
Two auto-tetraploids showed increased height, number of 
branches, increased size of leaves, stomata and seeds over 
control. The third auto-tetrapioid was inferior in every 
respect as compared to diploid. Multivalents and univalents 
were observed in meiotic studies. Pollen fertility 
decreased. The pollen size was larger in two superior and 
smaller in the third auto-tetrapioid than diploid. The size 
of seeds was also bigger in superior and smaller in inferior 
auto-tetrapioid. 
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18. The mutants obtained in M^ generation showed varied morpho-
logical characters almost similar to that of M„ generation. 
It has been concluded that lower doses of gamma rays, 
diethyl sulfate and 2,4-D caused enhancing effect on different 
aspects of plant life such as seed germination, growth and yield 
etc. while higher doses exhibited retarding and delaying effects. 
Ethylmethane sulfonate, caffeine ^thiourea showed linear dose 
effect relationship on these aspects. Morphological variations 
were higher and mostly adapted in M. generation while in M„ the 
mutants were either chromosomal or genie l3«cause in DES frequency 
of chromosomal abnormalities as compared to other mutagens was 
lower while morphological mutations were significant. Chromosomal 
abnormalities were also dose and concentration dependent and more 
or less responsible for morphological variations. Gamma rays and 
EMS were equally efficient for the induction of mutations while 
others were comparatively "inferior, DES caused no serious harmful 
effects, instead it induced good number of mutations. Caffeine 
caused mostly injurious and irregular effects. The mutations were 
more or less similar in all the mutagens with slight specification 
in gamma rays and 2,4-D and differences in their frequencies. 
Colchicine exhibited ius effect both in positive and negative 
directions for the induction of polyploidy. 
The induced variability in the present investigation provi-
ded greater chances of selection for different desirable characters 
in Ammi ma jus L, 
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ABSTRACT 
The effect of gamma rays, diethyl sulfate, ethyl-
methane sulfonate, caffeine, thiourea and 2,4-D on seed germina-
tion, seedling and plant growth, meiotic chromosomes, pollen 
fertility, yield, and life span'of Ammi maius L. has been studied 
in M^ and M^ generations. Few selected mutants have also been 
maintained in M^ generation. The findings are below. 
1. Lower doses of - gamma rays and chemical mutagens caused no 
significant effect on seed germination but in higher 
concentrations delayed and decreased germination was 
observed. The delay was significant in gamma rays, EMS and 
2,4~D, while in caffeine and thiourea the delay was not 
much significant, DES caused the least effect on germina-
tion. Same trend was followed in M^ generation also, but 
the geimination percentage was comparatively higher than M. 
generation, 
2. Lower doses of gamma rays and concentrations of DBS and 
2,4-D exhibited stimulatory effect on seedling growth over 
control, while in higher doses the seedling height 
decreased. In EMS, caffeine and thiourea the average seed-
ling height decreased linearly with the increasing concent-
rations. The average height of treated seedlings in M^ was 
comparatively more than M^, 
: 2 : 
The seedlings could not survive beyond 40 kR gamma 
rays, 2,0J^  EMS and 1X)0 ppm 2,4-D which proved to be lethal. 
3. The cotyledonary leaves of treated population exhibited 
abnormalities like decreased angle; fusion at the base, 
upto half of the length or even upto 3/4 length forming a 
cup or tubular structure, poorly developed, bifurcated, 
both shifted to one side and rudimentary in higher doses. 
Most of the abnormalities were common in all the mutagens. 
Almost similar abnormalities were observed in M^ generation 
also but the frequency was lower. 
4. First pair of vegetative leaves also exhibited morphologi-
cal variations like poor development, deshaping, whorl 
formation, undifferentiated lobe formation, change in 
serration and apex, fusion with cotyledonary leaves, 
rudimentary and enclosed in cup, formed by cotyledonary 
leaves, in all the mutagens. 
5. Older seedlings also exhibited morphological variations 
like varied leaf size, weak stem, saai-erect with lesser 
number of branches and leaves, healthy seedlings with 
increased number of branches and leaves and creeping nature 
of few branches. Besides, phyllotaxy was also affected. In 
treated populations of M^ and M^ generations variations in 
leaf morphology like increased notchings and dissections, 
: 3 : 
ovate, small dark green leaves, obovate and bigger leaves, 
needle like highly dissected and deshaped leaves were also 
observed. The occurrence of obovate and bigger leaves was 
more common in thiourea and smaller needle like and dissec-
ted leaves in 2,4-D. 
The frequency of these abnormalities in M. generation 
was maximum in EMS followed by gamma rays, 2,A-D, D£S, 
thiourea and caffeine. In M2 generation maximum seedling 
abnormalities were observed in gamma rays followed by EMS, 
2,4-D, DES, caffeine and thiourea, but the frequency was 
lower than M. generation, 
6. In the mature plants the morphological mutants like woody 
and hard plants exhibiting dwarf character and increased 
number of branches over control, dwarf mutants with 
decreased number of branches, taller bushy plants with 
increased number of branches and umbels per inflorescence, 
tall mutants with decreased number of branches, mutants 
with increased or decreased number of leaves and sometimes 
clustered leaves, seai-erect and twining habit, were 
obtained in various treatments. The frequency of mutations 
increased with the increasing concentrations, the maximum 
being in EMS followed by gamma rays, 2,4-D, DES, thiourea 
and caffeine. In M2 the highest mutation was obtained in 
gamma rays followed by EMS, 2,4-D, DES, caffeine and 
thiourea. 
: 4 : 
7. Average height of the mature plants increased over control 
in lower concentration of DES and 2,4-D, while it decreased 
with the increasing doses of ganuna rays, EMS, caffeine and 
thiourea. The maximum decrease in height was obtained in 
ganuna rays followed by EMS, 2,4-D, thiourea, caffeine and 
DES. The injury percentage also increased with the increas-
ing doses and concentrations. Caffeine showed irregular 
effect of increasing concentrations. The average height of 
plants decreased in higher concentrations in M^ generation 
also but the effect was meagre. 
8. The effect of mutagens on meiotic chromosomes was carried 
out in detail. At diakinesis the chiasma frequency (per 
cell or per bivalent) generally decreased with the increas-
ing doses. The maximum decrease in chiasma frequency was 
observed in gamma rays followed by thiourea, caffeine, EMS, 
2,4-D and DES. The i«M|y]^ at^ erQ was followed in M2 genera-
tion also. The frequency of rod bivalents and univalents 
increased simultaneously with the decrease in per cell 
chiasma frequency* 
9. Multivalent associations were observed at diakinesis and 
metaphase I stages. At diakinesis the quadrivalents were 
significant in higher doses of gamma rays and EMS, while 
insignificant in DES and 2,4-D. The frequency of quadri-
valents at metaphase I increased with the increasing doses 
s 5 ; 
of gamma fays an«* '>-4-D, while it remained constant in EMS, 
Trivalents were significant in thiourea, whereas 
insignificant in EMS and caffeine. They could not be 
observed in gamma rays, DES and 2,4-D at diakinesis. At 
metaphase I their frequency was significant in caffeine 
and thiourea while insignificant in 2,4-D. Multivalents 
could not be observed in M2 generation. 
10, The univalents at diakinesis did not occur in control and 
lower concentrations of ganmia rays, EMS and caffeine, 
whereas in DES, thiourea and 2,4-D they occurred even in 
the lower concentrations,. The frequency of univalents at 
metaphase I was almost equal to diakinesis. They generally 
increased with the Increasing concentrations of all the 
mutagens, but decreased beyond 4,0?^  DES and 3.5^ thiourea. 
It was also observed that in gamma rays and thiourea the 
frequency at metaphase I was lesser than at diakinesis, 
whereas in DES, EMS, i?affeine and 2,4-D it was more than at 
diakinesis. 
The univalents were observed in M^ generation also. 
Although lower than M^, the frequency at diakinesis and 
metaphase I was significantly higher as compared to control 
particularly in gamma rays, DES, EMS and 2,4-D treatments. 
In caffeine the frequency increased irregularly. Besides 
per cell frequency, they ranged even upto 14 in a single 
cell of some treated plants. 
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11. At metaphase I the parameters of meiotic studies were ring 
and rod bivalents, j»aitivalents, univalents, precocious 
separation and stidKiness etc. The frequency of ring 
bivalents increased linearly with the increasing doses of 
gamma rays, EMS and 2»4-D, while beyond 3.0^ DES, 1.5% 
caffeine and 3.55^  thiourea the frequency exhibited decreas-
ing trend. In M^ generation the increase in the frequency 
of ring bivalents was irregular and insignificant. The rod 
bivalents in M. generation decreased with the increasing 
concentrations except caffeine where they seeoaed to be 
independent. In M^ the frequency of rod bivalents was 
normal in lower concentrations, but they exhibited signifi-
cant decrease in higher concentrations of almost all the 
mutagens except thiourea. However, in M^ the frequency of 
rod bivalents was higher and that of ring bivalents lower 
than M. generation. 
Precocious separation of chromosomes was observed to 
increase upto optimal concentrations in most of the 
mutagens and beyond that concentration they either remained 
constant or decreased. In M. the most significant result 
was obtained in EMS followed by caffeine, gamma rays, DES 
and 2,4-D. In thiourea precocious separation was absent. 
In M^ generation the increase in the frequency of precocious 
separation of chromosomes was significant in EMS only, while 
in others it was insignificant. 
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Stickiness of the chromosomes was significant in EMS 
only. It did occur in gamma rays, caffeine and 2,4-D but 
statistically t^e frequency was insignificant. In thiourea 
stickiness did not occur. In M2 generation the stickiness 
could not be observed in any treatment. 
12. At anaphase I the abnoimalities like laggards, bridges, 
stretching, unsynchronized movement of chromosomes, frag-
ments and unequal division of chromosomes were mainly 
observed. The laggards were observed in control as well as 
all the treatments with the only difference in their fre-
quencies* The maximvun frequency was observed in gamma rays 
followed by DES, EhAS, 2,4-D, thiourea and caffeine. In M^ 
the frequency of laggards per cell was significant in 2,4-D 
and caffeine but lower than M^, 
Increase in the frequency of bridges was significant 
in gamma rays, DES, caffeine and 2,4-D. In EMS and thiourea 
bridges were insignificant. In M2 generation the bridges 
were significant in gamma rays only. 
Stretching of the chromatin material was generally 
absent in lower concentrations whereas in higher concentra-
tions it occurred significantly in EMS followed by gamma 
rays, DES, caffeine and thiourea. In M^ generation the 
frequency of stretching was significant in 2,4-D, DES and 
EMS only while in gamma rays, caffeine and thiourea it was 
statistically insignificant. 
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The frequency of ansynchronized movement of chromo-
somes in M. generation was significant in gamma rays and 
caffeine only. In M« unsynchronized movement occurred 
significantly in caffeine and DES. The per cell frequency 
of fragments was significant in gamma rays only while 
insignificant in DES and 2,4-D. In M^ the fragments were 
not observed. 
Unequal division of chromosomes was also common in all 
the mutagens. Its frequency in treated population was 
significant in DES and EMS only. In M^ generation the fre-
quency was lower than M>. 
13. At telophase I the main abnormalities were laggards and 
bridges. Laggards were significant in gamma rays and EMS 
only while bridges in gamma rays and 2,4-D. In M^ these 
abnormalities were rare. Second meiotic divisions were 
fairly regular. 
14. Pollen sterility increased with the increasing concentra-
tions of mutagens except in DES where lower concentrations 
slightly increased pollen fertility over control. The 
maximum relative pollen sterility was observed in caffeine 
followed by 2,4-D, EMS, thiourea, gamma rays and DES. In M^ 
generation although the pollen sterility in treated plants 
was higher than control but insignificant and lower than M., 
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15. The duration of geiffiination, flowering seed setting and 
seed ripening was also affected by the mutagens. Generally 
the mutagens interfered the normal life span. They caused 
delaying effect except gaauna rays in which the life span 
was almost equal to control. In M2 there was no significant 
difference in the life span of control and treated popula-
tions. 
16, The yield per plant increased in the lower concentrations 
of gamma rays, DES and 2|4-D whereas in others it 
decreased with the increasing concentrations due to the 
increased plant sterility over control. In M^ the general 
yield was higher than U. due to the meagre effect of mutagen. 
Lower doses of gamma rays and DES showed increased yield as 
in M.. 
17» Colchiploidy was induced. Out of 25 treated seedlings 
3 colchiploids (auto-tetraploids) were obtained in C^. Two 
auto-tetraploids showed increased height, number of branches, 
increased size of leaves, stomata and seeds over control. The 
third auto-tetraploid was inferior in every respect as 
compared to diploid. Multivalents and univalents were 
observed in meiotic studies. Pollen fertility decreased. The 
pollen size was larger in two superior and smaller in the 
third auto-tetraploid than diploid. The size of seeds was 
also bigger in superior and smaller in inferior auto-tetra-
ploid. 
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18. The mutants obtained in M^ generation showed varied morpho-
logical characters almost similar to that of M^ generation. 
It has been concluded that lower doses of gamma rays, 
diethyl sulfate and 2,4-D caused enhancing effect on different 
aspects of plant life such as seed germination, growth and yield 
etc. while higher doses exhibited retarding and delaying effects. 
Ethylmethane sulfonate, caffeine, thiourea showed linear dose 
effect relationship on these aspects. Morphological variations 
were higher and mostly adapted in M, generation while in M^ the 
mutants were either chromosomal or genie because in DES frequency 
of chromosomal abnormalities as compared to other mutagens was 
lower while morphological mutations were significant. Chromosomal 
abnormalities were also dose and concentration dependent and more 
or less responsible for morphological variations. Gamma rays and 
EMS were equally efficient for the induction of mutations while 
others were comparatively inferior, DES caused no serious harmful 
effects, instead it induced good number of mutations. Caffeine 
caused mostly injurious and irregular effects. The mutations were 
more or less similar in all the mutagens with slight specification 
in gamma rays and 2,4-D and differences in their frequencies. 
Colchicine exhibited its effect both in positive and negative 
directions for the induction of polyploidy. 
The induced variability in the present investigation providec 
greater chances of selection for different desirable characters in 
Ammi ma.jus L. 
